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THE ROLE OF SALT IN THE STRUCTURAL DEVELOPMENT
OF CENTRAL UTAH

By IRVING J. WITKIND

ABSTRACT

Multiple episodes of salt diapirism can explain the complex
structural history of central Utah. Previous workers in that area
have ascribed the intense localized deformation between the Colo-
rado Plateaus and the Basin and Range provinces either to multi-
ple episodes of orogeny, or to repeated mobilization of plastic
mudstones. An alternative interpretation, offered here, is that salt,
contained within the Arapien Shale of Middle Jurassic age, has
been moving continuously almost since it was deposited. Some of
this movement has been a slow upwelling, but at times this slow
upwelling appears to have been disrupted by sudden and sporadic
upward surges of the salt during which the calcareous mudstones
and gypsiferous shaly siltstones of the Arapien have been forced
upward. They, in turn, have bowed up and folded back the overly-
ing younger sedimentary strata to form elongate, narrow, salt-
cored anticlines (here termed diapiric folds). These upwarps are
fan-shaped in cross section, and are as much as 100 kilometers
(60 miles) long. I view the Arapien Shale, thus, as an intrusive
sedimentary unit; and the contacts between it and the overlying
consolidated sedimentary rocks, described by others in the past as
strip-thrusts or unconformities, I consider as chiefly intrusive.

The salt has surged upward repeatedly, and time and again has
been removed chiefly by extrusion or dissolution, causing the folds
to fail. This cyclical growth and subsequent failure of the diapiric
folds has occurred at least three times; each time the reactivated
younger folds occupied the same sites and had the same trends as
the previous older folds. This pattern, involving the growth and
collapse of discrete diapiric folds, is here called a diapiric episode,
and each episode is arbitrarily divided into three stages:

1. An intrusive stage during which the salt surges upward and
forces the Arapien mudstones to deform the overlying sedimentary
rocks into a diapiric fold.

2. An erosional stage during which the removal of the salt results
in failure of the fold. Subsequent erosion removes the collapsed
and brecciated remnants of the fold leaving a widespread surface
of low relief.

3. A depositional stage during which younger sediments are
deposited across this newly cut surface.

As the sedimentary units either wedge out or thin along the
flanks of these folds, it is probable that the salt, during this stage,
was slowly rising and gradually forcing up the overlying strata to

form a barrier—in essence, a paleo-high. In those localities where
the sedimentary units pass over the crests of the folds, the strata,
invariably, are anomalously thin and represent the youngest parts
of the formations. Seemingly, the slowly growing barrier was not
high enough to block deposition completely, but was able to restrict
it. The depositional stage ends with a renewed surge of salt, mark-
ing the intrusive stage of the next diapiric episode.

This repeated movement of the Arapien suggests that it has dif-
ferent “ages.” Its depositional age is Middle Jurassic; it contains
Middle Jurassic fossils. It has several emplacement ages—different
geologic ages of movement—each reflecting an upward surge of
salt.

Although tenuous evidence suggests that the first major diapiric
episode occurred prior to Late Cretaceous time, possibly during the
Late Jurassic, the earliest recognizable diapiric episode began in
Late Cretaceous time and probably extended into the early Pale-
ocene. A second episode began then and lasted into the late(?) Oli-
gocene, or possibly the Miocene. The third major episode began in
the late(?) Oligocene (or Miocene) and persisted into the Pliocene
or Pleistocene. A minor diapiric episode may have occurred during
the late Pliocene or Pleistocene; if so, this implies that the salt
diapirs that underlie the area may still be active.

I recognize 13 major diapiric folds; of these, many of the smaller
folds appear to branch off the larger ones much as distributary
streams branch off a major stream. The longest fold appears to be
the Sanpete-Sevier Valley diapiric fold, which extends northeast-
ward at least 100 kilometers (60 miles) from near Richfield on the
south to beyond Fountain Green on the north. Its core, exposed
along the east side of Sevier Valley as a continuous belt of Arapien
mudstones, is concealed northward beneath the alluvial fill of San-
pete Valley. The Redmond fold, which seems to branch off the
south end of the Sanpete-Sevier Valley fold, extends northward
about 50 kilometers (30 miles) from near Sigurd on the south to
near Gunnison on the north. The Levan diapiric fold, possibly the
northern extension of the Redmond fold, is about 40 kilometers (25
miles) long, and extends northward along the west flank of the
Gunnison Plateau. The Levan fold starts near Little Salt Creek; at
Salt Creek, near Nephi, the fold appears to split into three
branches. The western branch, for which I retain the name Levan
fold, extends northward and passes beneath and deforms the
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2 SALT AND THE STRUCTURAL DEVELOPMENT OF CENTRAL UTAH

Charleston-Nebo thrust plate. The eastern branch, known as the
Pole Creek diapiric fold (probably about 25 kilometers (15 miles)
long), extends northeastward and has determined the structural
pattern of Cedar Hills; this branch is probably continuous with the
Dry Hollow diapiric fold, of which only about 6 kilometers (4
miles) is exposed near Thistle. The middle branch, which I call the
Footes Canyon fold, is concealed for the most part but possibly is
about 45 kilometers (27 miles) long. It may extend along and
deform the east flank of the Charleston-Nebo thrust plate. The
Sevier Bridge Reservoir fold extends northwestward about 24 kilo-
meters (15 miles) from near Fayette to near Yuba Dam. Probably
the Sevier Bridge Reservoir fold is an offshoot of the Redmond fold.

Other large diapiric folds are partly exposed in the Indianola-
Thistle area; Little Clear Creek follows the crest of a fold that I
refer to as the Little Clear Creek fold, which is about 20 kilometers
(12 miles) long. Another fold, the Hjorth Canyon fold, which I esti-
mate to be about 10 kilometers (6 miles) long, crops out in Hjorth
Canyon, and still a third fold, the Thistle Creek fold (about 20 kil-
ometers (13 miles) long), is near the junction of Thistle and Soldier
Creeks. The Thistle Creek fold may be the northern extension of
the Footes Canyon fold. Tenuous evidence suggests that another
diapiric fold (Fairview diapiric(?) fold) underlies the eastern fork
of Sanpete Valley, extending northeastward from near Ephraim to
near Indianola. This fold may be as long as 40 kilometers (25
miles). Other diapiric folds may underlie the Valley Mountains
(Valley Mountains diapiric(?) fold, about 30 kilometers (19 miles)
long), and the West Hills, the southern extension of Long Ridge
(the West Hills diapiric(?) fold; about 18 kilometers (11 miles)
long).

Arapien mudstones have deformed the eroded upper plate of the
Charleston-Nebo thrust fault, which forms the southern Wasatch
Range. In places, they have intruded and broken the thrust plate;
elsewhere they have bowed it up and arched it. This upper plate,
known as the Charleston-Nebo thrust plate, is the lower limb of an
overturned, almost recumbent anticline; most of the strata, thus,
are overturned.

Collapsed diapiric structures, almost certainly salt-controlled,
are along the southwest flank of the Gunnison Plateau between
Mellor and Timber Canyons. A small salt plug probably underlies
the westward-trending transverse graben that lies along the east
margin of the Gunnison Plateau between Dry and Maple Canyons.

The trends of the diapiric folds appear to parallel the major tec-
tonic lineaments, implying some form of structural control. Such
control is emphasized by the striking linearity of the diapiric folds
and their great lengths; two folds are collinear with major fault
zones. Moreover, the cyclical nature of the diapirism also hints at
some form of structural control—the same sequence of diapiric epi-
sodes can be recognized in many widely separated exposed folds.
This suggests that the diapirism is regional in extent, and that all
diapirs in the area were reactivated, not only repeatedly, but more
or less in unison.

I propose that the salt, under static load, was triggered into
movement by reactivation of old well-established faults. The salt,
presumably, was deposited in a Middle Jurassic saline Arapien
basin that overlay preexisting, deep-seated, fundamental faults. As
the salt was buried ever more deeply beneath younger sediments,
it was placed under increasing static load. When these ancient
faults reactivated, probably in response to regional compressive
forces—the Sevier orogeny—in pre-Paleocene time and extensional
forces from late(?) Oligocene time on, they broke through both the
salt and the overlying beds. The salt and accompanying mud-
stones, under great confining load, sought relief by surging up the
newly formed fault planes, using them as conduits. As a result,
these parts of the fault planes were obliterated and in their place
were formed a series of long, linear, fan-shaped diapiric folds, the

trends and extent of which reflect the trends and extent of the
buried faults. Subsequent reactivation of these same ancient faults
resulted in renewed movement of the salt and mudstones; predict-
ably the younger diapiric folds followed the same trends and occu-
pied the same sites as the older folds.

As a result of the repeated episodes of salt diapirism, there
appears to be a contrast in structural style between an upper
sequence of salt-bearing and younger rocks and a lower sequence
of older pre-salt rocks. The upper sequence is intensely deformed
by the repeated episodes of salt movement; the lower sequence,
essentially uninfluenced by the salt, may not be as intensely
deformed.

This division of the sedimentary stack into two structurally dis-
tinct sequences, as well as the type of structural deformation
involved, implies that each sequence may contain specific types of
potential oil and gas traps. Potential traps in the intensely
deformed (salt-bearing and younger) beds would coincide closely
with the salt walls and the upthrust masses of the Arapien. Poten-
tial traps in the pre-salt strata would include structures of various
sizes and shapes that resulted from a variety of orogenic (compres-
sive) forces; such structures may well be wholly unrelated to those
formed in the salt-bearing and younger beds.

Possible source rocks for oil and gas include the Mancos Shale
of Late Cretaceous age, the Manning Canyon Shale of Pennsylva-
nian and Mississippian age, and the Arapien Shale of Middle
Jurassic age. Of these, however, the Mancos Shale probably
extends no farther west than a north-trending line through Wales,
the Manning Canyon Shale is probably supermature, and the
Arapien Shale is submature.

Suitable reservoir rocks include the Ferron Sandstone Member
of the Mancos Shale, and various sandstone beds in the Emery
Sandstone Member of the Mancos Shale of Late Cretaceous age.
Degree of fracturing may be more important than inherent pri-
mary porosity in determining which units are good reservoir rocks.

Mineral deposits, mainly zinc, were probably derived from
saline solutions that appear to have been localized along the con-
tacts between the intrusive Arapien Shale and the country rocks.

INTRODUCTION

A broad, ill-defined zone, commonly referred to as a
transition zone, trends southward through central
Utah, separating the Colorado Plateaus province from
the Basin and Range province (fig. 1). Within this
zone, the stratigraphic units, for the most part, are
but gently to moderately folded; locally, however, they
are tilted into vertical or overturned attitudes, and
form belts of unusual structural complexity. Com-
monly these structurally complex belts are linear and
narrow; some extend for many kilometers. Striking
angular unconformities abound within these complex
belts, and in places, several such unconformities are
exposed in a single outcrop. Surprisingly, these uncon-
formities do not persist for long distances perpendicu-
lar to the structurally complex belts. Strata that are
separated by an angular unconformity, when traced
away from these belts, rapidly approach parallelism
and commonly become conformable in distances as
short as three-fourths of a kilometer (¥2 mi). These
singularly complex areas tend to coincide with
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elongate, northward-trending upwarps that dominate
the area. Where exposed within these structurally
complex areas, an entire sequence of stratigraphic
units thins anomalously toward the crest of one of
these upwarps, and locally some units in the sequence
pinch out against the flanks of the upwarp.

This unusual structural and stratigraphic complex-
ity has attracted geologists since the days of Gilbert
and Dutton, and its fascination stems in large part
from the fact that the field evidence lends itself to
conflicting interpretations. Many workers, both past
and present, attribute this localized deformation
either to multiple episodes of orogeny (Spieker, 1946,
1949; Standlee, 1982; Lawton, 1985; Villien and Klig-
field, 1986), or to mobilization of the plastic mud-
stone beds of the Middle Jurassic Arapien Shale
(Gilliland, 1963). I believe, however, that much of the

113°007 112°00°

complexity stems from multiple episodes of salt
diapirism—in essence, the repeated growth and col-
lapse of salt-cored anticlines (here called diapiric
folds). These folds, of prime importance, have deter-
mined both the local and regional structural frame-
work of this sector of central Utah. Major geologic
misconceptions are inevitable unless one grasps their
significance. Nearly a half-century ago, Stokes (1952,
p. 961), referring to salt-generated structures of the
Sanpete—Sevier Valley area, wrote: “Caution is sug-
gested in interpreting strong local structures of the
sort found in these areas [central Utah] as evidence
for orogenic activity.” I concur in the strongest possi-
ble way.

The causative rock salt (halite) is contained within
the Arapien Shale of Middle Jurassic depositional
age, and I propose that upward, near-vertical, local
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FIGURE 1.—Physiographic provinces in central Utah. Parts of three major physiographic provinces
meet in central Utah—the Colorado Plateaus on the east, the Basin and Range on the west, and
the Middle Rocky Mountains, represented by the southward-pointing wedge of the southern

Wasatch Range, on the north.
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FiGURE 2—Continued.—Locality file for index map of central Utah.

SALT AND THE STRUCTURAL DEVELOPMENT OF CENTRAL UTAH

Name

Ancestral Willow Creek
Arapien Valley

Aurora

Axhandle Canyon

Birdseye
Burrville

Canyon Mountains
Castle Dale

Castle Gate

Castle Valley

Cedar Hills

Centerfield

Chicken Creek Reservoir
Clawson

Cleveland

Colton

Deep Creek
Dividend

Dry Canyon
Dry Hollow

East Tintic Mountains
Elsinore

Ephraim

Eureka

Fairview
Fayette

Ferron

Footes Canyon
Fountain Green
Freedom

Gardner Canyon

Gilson Mountains

Glenwood

Goshen

Gunnison

Gunnison Plateau (San Pitch Mountains)
Gunnison Reservoir

Helper
Hiawatha
Hjorth Canyon
Huntington

Indianola

Joes Valley

Joes Valley Reservoir
Joseph

Juab Valley

Kenilworth
KOA Campground
Koosharem

Lake Fork
Levan
Little Clear Creek

Location

G-3
G-3
H-2
D-3

A-4
J-3

E-1
F-7
B-8
E-7
B-4
F-3
D-2
F-7
E-8
B-7

D-3

A-2
E-3

B-1
I-1

Cc-3

Name

Little Salt Creek
Loafer Mountain
Long Ridge

Manti

Maple Canyon (Northeast flank-Gunnison Plateau)
Maple Canyon (Southeast flank—Gunnison Plateau)
Mayfield

Mellor Canyon

Middle Fork Pole Creek

Milburn

Mona

Monroe

Moroni

Mount Nebo

Mount Pleasant

Musinia Peak

National
Nebo Creek
Nephi

0Oak Creek
Orangeville

Painted Rock Canyon
Pavant Range

Pigeon Creek

Pole Creek

Price

Price River

Red Canyon (Valley Mountains)
Red Canyon (Wasatch Range)
Red Rocks

Redmond

Richfield

Rock Canyon

Round Valley

Salina

Salina Canyon (Salina Creek Canyon)
Salt Creek

Sanpete Valley

San Pitch Mountains (Gunnison Plateau)
San Pitch River

Santaquin

Scipio

Scipio Lake

Scipio Valley

Scofield

Scofield Reservoir

Sevier Bridge Reservoir (Yuba Lake)
Sevier Plateau

Sevier River

Sevier Valley

Sigurd

Silver City

Sixmile Canyon (Sixmile Creek canyon)
Soldier Creek

Fi1GURE 2—Continued.—Locality file for index map of central Utah.

Location

E-2
H-1
C-3
B4
C-8
B-8

F-4
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FiGURE 2—Continued.—Locality file for index map of central Utah.

Name Location
South Valley (Valley Mountains) G-2
Southern Wasatch Mountains (Wasatch Range) A-3
Spring City D-5
Spring Glen C-8
Sterling F-4
The Washboard D-2
Thistle A-5
Thistle Creek A4
Timber Canyon E-3
Twelvemile Creek F-3
Valley Mountains G-2
Valley Mountains monocline G-2
Wales D4
Wales Gap D4
Wasatch monocline E-5
Wasatch Plateau F-5
Wasatch Range (Southern Wasatch Mountains) A-3
Washboard, The D-2
Wattis D-7
West Hills D-2
White Hills G-3
Willow Creek G-3
Yuba Dam E-2
Yuba Lake (Sevier Bridge Reservoir) E-2

movements of the buried salt are ultimately responsi-
ble for the intense deformation. I am much
impressed by the striking similarities between the
salt-generated features exposed in the Paradox Basin
of southwestern Colorado and southeastern Utah and
almost identical features exposed in this sector of
central Utah (fig. 2). Stokes (1982), similarly
impressed, has proposed the name “Arapien basin”
for this salt-rich sector of central Utah.

In this Professional Paper, I bring together many
of the data and views that I have published else-
where, either as articles in scientific journals or as
descriptive textual material accompanying geologic
maps. This report is thus a synthesis—in essence, a
comprehensive discussion in one publication of my
views on the role of salt in the structural evolution of
central Utah. It might ease the burden of searching
for and digging out the pertinent literature even for
those who have ready access to modern, well-stocked
geologic libraries.

Locations mentioned in the text are keyed to
figure 2, the index map of central Utah, by an
arbitrary grid placed on the map. Figure 3
shows those areas for which geologic maps have been
prepared.

112°10° 112°00°
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FIGURE 3.—Index map of central Utah showing locations of all
geologic maps discussed in this report, listed by illustration
number. Figure 12, Intrusive mass of Arapien Shale; 13, Red
Knolls area; 15, Hill near Ninemile Reservoir; 19, Red Rocks
area; 21, Sixmile Creek canyon area; 27, Ancestral Willow
Creek area; 30, Northeast flank of Valley Mountains; 33,
Pigeon Creek area; 35, Gardner Canyon-Red Canyon area,
Wasatch Range; 38, Middle Fork Pole Creek; 41, Dry Hollow
area; 44, Thistle area; 48, Hjorth Canyon area; 49, Little
Clear Creek area; 54, Salt Creek area; 55, Black Canyon ar-
ea; 56, Taylor Fork area; 57, Red Lake area; 58, Payson Can-
yon and Bennie Creek area; 59, Dry Mountain area. Base
from Grand Junction (T-3) Sectional Aeronautical Chart,
U.S. Coast and Geodetic Survey (1954, rev.).
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PREVIOUS WORK

Stokes, in two perceptive abstracts (1952, 1956),
first advanced the possibility that the growth and
collapse of salt structures might be significant in the
structural development of central Utah. Regrettably,
he never fully developed his views in the published
literature. Because the evidence, on the whole, is
inconclusive, Stokes’ views initially failed to gain
much acceptance. As the search for oil in central
Utah led to more and more exploratory drilling, the
extent of the Arapien salt became evident, and the
importance of salt diapirism in the structural devel-
opment of central Utah was again emphasized by
Christiansen (1963), Eardley (1969), Moulton (1975),
and Baer (1976). Baer, in particular, stressed the
importance of periodic diapirism in the area, noting
that diapirism seemingly had persisted from the Cre-
taceous through the Pleistocene, and he attributed
much of the structural deformation in central Utah
to this diapirism. The diapiric concept has gradually
gained adherents, and additional papers by workers
in central Utah have added to our knowledge. Run-
yon (1977a; 1977b) described collapsed diapirs near
Indianola. Hawks (1980) described several diapiric
localities in the Cedar Hills, and Taylor (1980) has
attributed the deformation in the Sterling area to
diapirism. Recently Picard (1980) discussed the
stratigraphy and petrography of the Arapien Shale,
and speculated about the origin of this salt- and
evaporite-rich unit. Hansen (1976) suggested that the
beds of salt in central Utah are but part of a much
larger Jurassic evaporite belt that extends from
southeast Arizona to southeast Idaho.

CURRENT WORK

I began work in central Utah in 1977 as part of the
U.S. Geological Survey’s Coal Exploratory Program.
By 1979 1 had become convinced that salt had
played, and continues to play, a dominant role in the
structural evolution of central Utah. My views have
been offered in a series of maps and papers published
in various guidebooks and journals (Witkind, 1981,
1982, 1983, 1986, 1987, 1988, 1992; Sprinkel, Wit-
kind, and Baer, 1982; Witkind and Page, 1984; Wit-
kind, Weiss, and Brown, 1987, and Witkind and
Marvin, 1989). Those who oppose the salt-diapiric
concept question whether the vast amounts of salt
called for by that concept ever did underlie central
Utah (Standlee, 1982, p. 376-377).

The existence of concealed salt diapirs in central
Utah is inferred to some extent from test-well data,
but chiefly from the shapes of the minor and major

landforms that extend across this sector of Utah.
Although the area has been crisscrossed repeatedly
by seismic surveys, all the resultant reflection pro-
files are proprietary. Chevron USA, Inc., has been
kind enough to permit me to examine some of their
seismic profiles that cross the Wasatch Plateau and
the Sanpete Valley area. The general structural pat-
tern reflected by various of the reflection profiles is
perhaps best described as upturned Cretaceous beds
overlain by downturned Tertiary strata—a pattern
displayed in many surface exposures (p. 121).

PHYSIOGRAPHIC AND GEOLOGIC SETTING

This sector of central Utah includes parts of three
major physiographic provinces: the Middle Rocky
Mountains, the Colorado Plateaus, and the Basin and
Range (fig. 1). A broad north-trending lowland formed
by the collinear alignment of three major valleys—
Utah, Juab, and Sevier Valleys—effectively divides
the area into two unequal sectors. Parts of both the
Middle Rocky Mountains and Colorado Plateaus prov-
inces are east of the lowland; the Basin and Range
province is wholly west of the lowland.

MIDDLE ROCKY MOUNTAINS PROVINCE

SOUTHERN WASATCH RANGE

The north-trending Wasatch Range, one of the
great mountain masses of Utah, extends for about
240 km (150 mi) from near the Idaho border into cen-
tral Utah. The south half of the range is formed by
the upper plate of a thrust fault that I refer to as the
Charleston-Nebo thrust fault. Other geologists, nota-
bly Bruce Bryant (U.S. Geological Survey, written
commun., 1989), have objected to this coupling of
what they perceive to be two separate thrust faults—
the Charleston and the Nebo thrust faults. Bryant
believes that my Charleston-Nebo upper plate is
divisible into two parts—a lower segment that is the
upper plate of the Charleston thrust fault, and an
upper segment that is the upper plate of the Nebo
thrust fault. In Bryant’s view, then, the Nebo thrust
fault is an upper split off the Charleston thrust fault,
and the Nebo fault dies out in the area northeast of
Nephi (fig. 2, B-3) and southwest of Thistle (A-5).

I disagree with Bryant’s interpretation. The strati-
graphic units that I have mapped as part of the
upper plate of the Charleston-Nebo thrust fault can
be traced northeastward to Thistle where they join
similar units that are part of the upper plate of the
Charleston thrust fault. Neither the Nebo nor the
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Charleston thrust fault is exposed in the sector
between Nephi and Thistle. Consequently, I am
uncertain not only as to how many thrust faults
underlie the area, but also as to where the fault(s)
end (fig. 4). I believe that the Nebo thrust fault
trends northeastward and eventually merges with
the Charleston thrust fault; hence my use of the
terms “Charleston-Nebo thrust fault” and “upper
plate of the Charleston-Nebo thrust fault.”

This upper plate of the Charleston-Nebo thrust
fault, which reaches from near Salt Lake City south-
ward to Nephi (B-3) (fig. 2, inset map), consists of a
mass of basin-type rocks, at least 9,150 m (30,000 ft)
thick (Crittenden, 1961) that was transported south-
eastward and eastward along the Charleston-Nebo
thrust fault. How far the plate moved is unknown;
various lines of evidence suggest a displacement of
about 65 km (40 mi) (Crittenden, 1961, p. D-129).

Very generally, this upper plate can be divided into
two segments: A northern part, east of Provo, that
extends as far south as Spanish Fork Canyon; and a
southern part, a wedge-shaped, imposing mountain
range known locally as the southern Wasatch Moun-
tains (or the southern Wasatch Range), that extends
southward from Spanish Fork Canyon to Nephi (B-3).
The extent of the plate south and west of Nephi is less
certain, owing to basin and range structures. Part of
the plate may be preserved west of Juab Valley (C-2),
near the south end of Dog Valley (C-2), along the
northwest flank of the West Hills (C—2). An erosional
outlier near Levan (C-3) may be still another part of
the plate (Witkind, 1983, p. 49). Morris (1983, p. 77)
has suggested, however, that near Nephi the caus-
ative, underlying Charleston-Nebo thrust fault may
merge with the Leamington transcurrent fault.

The southern Wasatch Mountains now appear as
the huge, intensely dissected east limb of an over-
turned, almost recumbent anticline. At the north end
of the mountains, near Santaquin (A-3), the beds are
right side up and dip moderately southeastward. Far-
ther south the beds steepen, and near Mona (B-3),
they are vertical. Still farther south, at the south end
of the mountains, near Nephi, the beds are over-
turned and dip moderately to the northwest. The
Wasatch fault zone truncates the west edge of the
mountains, which thus appears as a straight, com-
manding escarpment overlooking Juab Valley. The
east margin of the mountains—which I view as an
erosional escarpment cut across the Charleston-Nebo
thrust plate—is much less imposing, chiefly because
it has been extensively eroded and then partly buried
beneath younger Mesozoic and Tertiary rocks (Wit-
kind, 1987). This erosional escarpment, which
extends northeastward from Nephi toward Thistle

(A-5), may be the distal margin of the thrust plate
(fig. 4B), or the distal margin may be concealed
somewhere to the east beneath younger Mesozoic and
Tertiary strata (fig. 4C). Near Thistle, the attitude of
the beds that form the thrust plate in the subsurface
is conjectural; they may be overturned.

COLORADO PLATEAUS PROVINCE

The terrain south and east of the southern
Wasatch Mountains, and east of the lowland formed
by the collinear alignment of Utah, Juab, and Sevier
Valleys, is within the Colorado Plateaus province. 1
arbitrarily divide the area into two parts: the huge
mass of the Wasatch Plateau, and the remainder to
which 1 apply the well-established name Sanpete—
Sevier Valley area.

WASATCH PLATEAU

The Wasatch Plateau, the northernmost of the
High Plateaus of Utah, is a flat-topped mass about
130 km (80 mi) long that extends from Salina Creek
Canyon (fig. 2, H-3) on the south to the valleys of
Soldier Creek (A-6) and Price River (B-8) on the
north. The plateau trends about N. 20° E., maintain-
ing a nearly constant width of about 40 km (25 mi),
and an altitude of about 3,050 m (10,000 ft). It sepa-
rates Sanpete Valley (E-4) on the west from Castle
Valley (E-7) on the east.

The plateau is underlain by flat-lying Cretaceous
and Tertiary beds, most of which are well exposed in
the dissected cliffs that delineate its eastern flank.
These strata flex down sharply along much of the
western flank of the plateau to form the Wasatch
monocline (E-5). The monocline, about 100 km (62 mi)
long, extends northward from Salina Creek Canyon
(H-3) to its end, north of Milburn (B-5) and east of
Indianola (B-5), near the north end of the east fork of
Sanpete Valley. Westward-flowing consequent streams
on the monocline have locally cut through the tilted
beds, exposing them along the walls of deep, serpen-
tine canyons that extend far back toward the crest of
the plateau. Much of the plateau and the monocline
are broken by high-angle normal faults that trend
between due north and about N. 20° E. and that
locally are paired to form grabens.

SANPETE-SEVIER VALLEY ARFA

The term “Sanpete-Sevier Valley area” refers to
an ill-defined area drained by both the south-
flowing San Pitch River and the lower reaches of
the north-flowing Sevier River. Over the years the
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FiGURE 4.—Diagrammatic cross sections illustrating possible rela-
tions between an eastward-facing erosional escarpment formed
on the Charleston-Nebo thrust plate and a partial cover of Cre-
taceous and Tertiary rocks. Escarpment was formed as the plate
was thrust eastward. A, After eroded plate ground to a halt,
sedimentary units of Cretaceous and Tertiary age, as well as
some Tertiary volcanic units, were deposited against it, and in
time may even have buried the entire plate. B, Erosional escarp-
ment is at the distal margin of eroded thrust plate. C, Erosional
escarpment is along east flank of eroded thrust plate but not at
distal margin, which is farther to the east concealed beneath the
Cretaceous and Tertiary cover. B and C represent two possible
alternatives to explain present geologic relations. Both alterna-
tives are viable; lack of data precludes a definitive statement as
to position of the thrust plate’s distal margin.

name San Pitch—derived from the name Sam Pete,
a local Indian—has been garbled to Sanpete (M.P.
Weiss, Northern Illinois University, oral commun.,
1989), and this latter name is applied to the valley
occupied by the San Pitch River. The Sanpete—
Sevier Valley area has figured prominently in the
geologic literature describing central Utah, and
although certain localities in central Utah discussed
in this report extend beyond the generally accepted
limits of the Sanpete-Sevier Valley area, the name
is so well known that I have used the name for the
larger area.

In general, the Sanpete—Sevier Valley area appears
as a series of north-trending plateaus and low hills,
considerably lower than the adjacent Wasatch Range.
Among the major landmasses in the Sanpete—Sevier
Valley area are the Gunnison Plateau (D-3) (also
known as the San Pitch Mountains),! the Cedar Hills
(B-4), and the Valley Mountains (G-2).

Jurassic, Cretaceous, and Tertiary sedimentary
strata underlie the Sanpete—Sevier Valley area.
Locally, these units are overlain by layered volcanic
rocks and volcaniclastic detritus of Tertiary age.
Commonly, both the sedimentary strata and the vol-
canic units are gently warped, to form broad folds
that are broken, in places, by small high-angle nor-
mal faults. Here and there, however, these strata are
complexly deformed into narrow elongate belts that
trend northward.

The range of hills known to geologists as the “Gunnison Plateau” is known
to governmental agencies as the “San Pitch Mountains.” Indeed, the latter
name is used on published topographic maps of the U.S. Geological Survey.
Nevertheless, the name Gunnison Plateau is so deeply entrenched in the geo-
logic literature, chiefly as a result of the reports of the late Prof. E.M. Spieker
and his many Ohio State University graduate students, that the name is
retained and used throughout this report to avoid confusion.
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BASIN AND RANGE PROVINCE

GREAT BASIN SECTION

The Great Basin section is an arid lowland that
ends abruptly eastward against the north-trending
lowland formed by the collinear alignment of Utah,
Juab, and Sevier Valleys. The abrupt change is
emphasized by the impressive topographic high
formed by the combined masses of the southern
Wasatch Range (A-3) and the Gunnison Plateau (D-3)
along the east side of the lowland. This abrupt topo-
graphic change is directly attributable to movement
along the Wasatch fault zone, a major high-angle nor-
mal fault zone that trends northward across this part
of central Utah, and along which the crustal block
west of the fault zone has been downthrown relative
to the block east of the fault zone.

The Great Basin sector consists of a series of
thrust slices, composed chiefly of Precambrian and
Paleozoic rocks. These thrust slices were deeply
eroded during transport and after being emplaced,
then buried beneath younger rocks, and broken by
block faulting. Much of our knowledge of the Great
Basin sector within this part of central Utah comes
from two major mountain ranges that dominate the
area: the Canyon Mountains (E-1), on the north,
which have been described by Campbell (1979),
Christiansen (1952), and Stolle (1978); and the
Pavant Range (H-1) on the south, which has been
described in part by Crosby (1959), and Lauten-
schlager (1952). As this discussion of diapirism in
central Utah is confined chiefly to areas east of these
ranges, no summary description is given here of the
units that form them.

DISTURBED ZONE

Previous workers have suggested that the Sanpete—
Sevier Valley area is best visualized as a transition
zone between the Basin and Range province on the
west and the Colorado Plateaus province on the east
(Spieker, 1949). I suggest instead that although a
zone does separate the two provinces, that zone is not
a true transition zone in which features of one prov-
ince gradually give way laterally to features of the
adjacent province. Rather, I see the area between the
two provinces as a disturbed zone marked by
unusual, almost unique structural features that, for
the most part, are foreign to both provinces. So, for
example, the zone is unusual in that, in places, it is
marked by both localized depositional thinning and

complex structural deformation. Elongate, northward-
trending upwarps—huge upthrown masses of sedi-
mentary rock—dominate the zone, yet comparable
downwarps of the sedimentary units are nowhere to
be found. In places, the beds are overturned, stand on
end, or are downdropped to form long, linear grabens.
Angular unconformities, otherwise sparse throughout
this part of central Utah, are common and wide-
spread. Locally, single outcrops contain several angu-
lar unconformities (figs. 19 and 32). The sedimentary
beds thin drastically and anomalously, and locally
pinch out near the crestal parts of these upwarps, but
assume their regional thicknesses just short distances
away. Those sedimentary units that do extend across
the crestal parts of the upwarps are the uppermost,
youngest parts of the formations. The contrast
between the attitudes of the beds exposed in this zone
and those flanking it is striking, and made even more
so by the fact that this intense structural complexity
is localized. In places, the overturned beds, traced lat-
erally, resume their near-horizontal attitudes in dis-
tances as short as a kilometer (half a mile). Units
that are in angular discordance can be traced later-
ally and within several kilometers become conform-
able. The rocks in the zone have been much
disturbed, hence my preference for the term Dis-
turbed Zone, rather than the more commonly
accepted Transition Zone.

In my opinion, the trend and position of this dis-
turbed zone reflect a fundamental flaw in the under-
lying basement rocks. This view is supported by the
fact that three major structural elements have influ-
enced this part of central Utah during time periods
that span most of geologic time:

1. During the Paleozoic, the hingeline between
the Cordilleran geosyncline on the west and the cra-
ton on the east trended northward through this area.

2. During the Jurassic, essentially the same geo-
graphic area was occupied by a major, structurally
determined saline basin, termed the Arapien basin
by Stokes (1982).

3. During the Tertiary and Quaternary, the struc-
tural seam between the Basin and Range and the
Colorado Plateaus provinces extended northward
through the area.

The disturbed zone overlies much of Stokes’
Arapien basin. The greatest thickness of salt appears
to have been deposited in this saline basin (D.A.
Sprinkel, Placid Oil Co., oral commun., 1983), imply-
ing strongly that the anomalous sedimentary thinning
and the complex structures so characteristic of the
disturbed zone stem, in one way or another, from
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movement of these thick salt deposits. As Halbouty
noted (1967, p. 5): “The major salt basins of the world
* * *are not simple, arbitrarily positioned evaporite
pans* * *but rather* * *reflect major negative
elements which are probably related to re-activation
of basement structures.”

DEFINITIONS

I use four terms throughout this Professional
Paper, and it seems wise to explain my usage of them
and how they differ from similar or comparable
terms used in and near the Gulf Coast.

Salt diapir. As used along the Gulf Coast, “salt
diapir” commonly refers to a body of almost pure
rock salt, generally round or crudely elliptical and
with nearly vertical sides, whose shape has deter-
mined the configuration of a salt-cored dome. By con-
trast, in this part of central Utah, I believe that the
salt diapirs are elongate, narrow, somewhat sinuous
bodies of salt and intercalated mudstone that extend
for tens of kilometers. They appear to be comparable
to the linear “salt cores” of the Paradox Basin, Colo-
rado and Utah (Shoemaker and others, 1958, p. 39),
or the “salt walls,” described by Trusheim (1960,
fig. 4), that formed in the Zechstein salt of northern
Germany. Rather than almost pure rock salt, the salt
diapirs in central Utah consist of thick beds and
stringers of salt and anhydrite interlayered with cal-
careous mudstone and shaly siltstone. I visualize
these salt diapirs, like those along the Gulf Coast, as
piercement structures which, in their upward rise,
intruded, arched, and deformed the overlying sedi-
mentary rocks (fig. 5). The salt diapirs in central
Utah probably stem from one or more source beds of
salt.

Diapiric sheath. I believe that each salt diapir in
central Utah is sheathed by calcareous mudstone and
shaly siltstone beds that deformed plastically with
the rising salt. These rocks are part of the Arapien
Shale; pushed up by the driving salt they have
intruded and deformed the overlying sedimentary
rocks. I interpret them as intrusive sedimentary
beds. In most places, I suspect that these calcareous
mudstone beds are in intrusive contact with those
consolidated and semiconsolidated rocks that overlie
them. Although a similar sheath, but of shale, was
called a “diapiric shale” by Atwater and Forman
(1959), I believe the term “sheath” better describes
the relations between the enveloping mudstone beds
and the salt diapir.

Diapiric fold. The younger sedimentary rocks
deformed by the diapiric sheaths are generally flexed
up to form elongate, faintly sinuous, narrow

upwarps, whose trend and extent reflect the underly-
ing causative salt diapir. These upwarps, most of
which probably were originally fan-shaped in cross
section, can be traced for long distances through cen-
tral Utah. Other workers (Spieker, 1949; Gilliland,
1963; Willis, 1986) have referred to these linear
upwarps as “anticlines,” but I prefer the term “dia-
piric folds,” to emphasize the critical concept that
only the salt-bearing and younger beds have been
intensely deformed by the rising salt. The pre-salt
units may be greatly deformed, but that deformation
probably stems from orogenic forces, and not from
the rising salt (p. 16). In this sense, then, I view the
stack of sedimentary units in central Utah as consist-
ing of two parts: the salt-bearing and overlying
younger rocks, and an older pre-salt sequence. The
complex structures I describe stem from repeated
movement of the salt-bearing and younger rocks.
Another acceptable term to describe these upwarps is
“salt-cored anticline”; I arbitrarily chose “diapiric
fold” because it clearly conveys the diapiric concept
and also contains fewer letters.

Salt is the motive force ultimately responsible for
development of the diapiric folds. Subsequent with-
drawal of the salt, by dissolution or extrusion,
resulted in failure of the folds. Prior to erosion,
these diapiric folds must have resembled the "salt
anticlines” (salt-cored anticlines) of the Paradox
Basin.

Diapiric core. The core of a diapiric fold consists
of both the innermost salt diapir and its surrounding
diapiric sheath. In most localities in central Utah, it
is mainly the diapiric sheath of Arapien Shale mud-
stone beds that is exposed.

STRATIGRAPHY
GENERAL STRATIGRAPHY

The sedimentary rocks that crop out in this part of
central Utah consist of two sequences: one sequence
comprises the autochthonous plate that underlies
much of the Sanpete—Sevier Valley area (table 1); the
second forms much of the Charleston-Nebo thrust
plate, which extends northeastward from the Mount
Nebo area to Thistle and beyond (table 2). No attempt
is made to describe either of these sequences in detail.
The rocks of the Sanpete—Sevier Valley area have
been described repeatedly and thoroughly by Spieker
and his many graduate students (Spieker, 1946, 1949;
Gilliland, 1948, 1951; Hardy, 1952; Schoff, 1951;
Hardy and Zeller, 1953; and McGookey, 1960, among
others). Those underlying the area are from Cambrian
to Holocene in age; most of the indurated units that
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FiGURE 5.—Possible geologic relations between a salt diapir, the diapiric sheath of mudstones of the Arapien Shale, and the upturned
country rock that together form the diapiric fold. The salt diapir and its diapiric sheath compose the diapiric core of the fold.
Arrows denote general direction of movement of plastic and mobile salt and mudstone. In places, vertical forces, stemming from the
intrusive salt diapir, are translated laterally into horizontal compressive forces. Scale is approximate.

figure prominently in my report are of Mesozoic and
Cenozoic age. The rocks of the thrust plate have been
described by Eardley (1933a, 1933b), Muessig (1951),
Johnson (1959), Hintze (1962), Bissell (1962), Rigby
and Clark (1962), Black (1965), and most recently by
LeVot (1984), Banks (1986, 1988), and Biek (1988a, b).
Exposed units range in age from Pennsylvanian to
Jurassic. Tables 1 and 2 summarize the salient details
of the stratigraphic section.

As noted previously, I attribute much of the struc-
tural deformation in central Utah to multiple episodes
of salt diapirism. The rock salt (halite) and other
evaporites that I believe are ultimately responsible for
this structural complexity in central Utah are con-
tained within the Arapien Shale—one of the most
unusual stratigraphic units in central Utah. Conse-
quently, in the following pages, I discuss that unit in
considerable detail.
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TABLE 1.—Some stratigraphic units exposed in the Sanpete-Sevier Valley area, central Utah

[Query, age, boundary, or thickness uncertain]

APPROXIMATE
SYSTEM | SERIES UNIT THICKNESS LITHOLOGY
METERS | FEET
Quaternary Pleistocene(?) Conglomeratic sandstone and sandstone, locally conglomeratic;
b Axtell Formation light gray to gray; thin bedded to massive; semiconsolidated;
! ' 15-23 | 50-75 i
R of Spieker (1949) forms broad gravel-capped benches that flank modern major
Pliocene(?)
stream valleys.
Tuff, light-gray to dark-gray to black, thick- bedded to massive,
Miocene Osiris Tuff 152 500 fine—-grained, porphyritic; disintegrates into angular blocks and
5 fragments that form extensive debris fields.
. Volcanic ash beds, with interbedded sandstone, shale, and
Gray Guich Formation 0- 0- limestone; mostly light gray, thin bedded to massive; friable;
of Spieker (1949) 213 | 700 g v ight gray, ' :
weathers to moderate slopes.
Oligocene
. Mudstone, siltstone, and sandstone, light-gray to tan,
Bald Knoll Formation . g . .
? | 1,000? - ; I ht-gray, aphani
of Gilliland (19511 305 thin-bedded; few thin intercalated light-gray, aphanic limestone
, beds.
. Sandstone, shaly siltstone, and some conglomerate; light gray
Crazy Hollow Formation 0- 0- to reddish brown; thin to medium bedded, locally crossbedded.
of Spieker (1949) 305 1,000 Light-gray salt-and-pepper sandstone containing distinctive
black, well-rounded chert pebbles at base.

Tertiary Consists of a limestone unit underlain by a shale unit. Limestone
unit. —Yellowish gray to yellow brown to light brown; thin to thick
bedded; even bedded. Contains thin sandstone and tuff beds.

Green River Formation 365 1,200 Limestone beds are dense and commonly oolitic. Forms resistant
Eocene ledges and low cliffs. Shale unit. —Light green to grayish green;
fissile; thin bedded; a few interleaved limestone beds. Forms
gentle slopes.
Claystone and mudstone, variegated in shades of red and gray;
137 450 few thin interbeds of light-brown to reddish-brown siltstone,
Colton Formation 487_ 1 60;) fine-grained sandstone, and conglomerate; sparse thin beds of
! light-gray aphanic limestone; irregularly bedded. Locally, basal
units are coarsely conglomeratic.
Limestone and dolomitic limestone, light-gray to yellowish-gray
. 16- 50- to light-brown; locally pale red; thin to thick bedded, locally
Flagstaff Limestone 548 1,800 massive; even bedded, aphanic. Contains subordinate inter-
bedded dark-gray, gray, and greenish-gray shale.
Paleocene
Mudstone, sandstone, conglomeratic sandstone, and sparse
North Horn Formation 45- 150- limestone; units a|ternate |rregular!y. nght.yellow, buff, and light
915 3,000 brown, locally reddish brown; thin to thick bedded. Unstable,
marked by many mass-wasting deposits.
6 20- Conglomerate, conglomeratic sandstone, sandstone, and sparse
Price River Formation shaly siltstone; light gray to gray; thin to thick bedded, locally
609 2,000 .
crossbedded. Forms steep slopes and low cliffs.
West of East of
Sanpete Valley: Sanpete Valley:
Sandstone, conglomeratic sandstone, carbonaceous shale, and
. Sixmile Canyon some coal; brown to brownish gray, locally light tan to light gray;
U Indianola Group, un- Formation 830 2,725 thin to medium bedded; conglomeratic in basal part.
Cretaceous pper divided (915-2,130 m
Cretaceous | (3,000-7,000 ft)): Con- Funk Vall Sandstone and interbedded shale; sandstone is light brown to
gl:dr_nﬁrbate, ”:hd, It(o :: ? ey 685 2,250 yellow brown, thin to medium bedded, fine to medium grained;
readish brown, thick= rmation shale is gray, even bedded, and fissile.
bedded to massive,
well-cemented; con. Shale, dark black, thin- and even bedded ins thi
i , — t , - and even bedded; cont in
sists of well-rounded | pjign valley | 182- | 600- a'e, dark-gray to biack, fhn- and ev ontains
pebbles, cobbles, and Shal 245 800 beds of '‘siltstone, of very fine-grained sandstone, and gray
boulders of quartizite, ale limestone’’ (Spieker, 1946, p. 128).
quartz, chert, and
limestone; few inter- Sanpet Sandstone and conglomeratic sandstone, brown to
Iea":d reddish-brown FO:’;‘;;; 410 1,350 brownish-gray; thin- to medium bedded: sandstones are fine to
sandstone beds. medium grained; basal part of formation is conglomeratic.
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TABLE 1.—Some stratigraphic units exposed in the Sanpete-Sevier Valley area, central Utah—Continued

APPROXIMATE
SYSTEM | SERIES UNIT THICKNESS LITHOLOGY

METERS| FEET

Shaly siltstone and mudstone; reddish brown to light gray, but
locally variegated in shades of pink and violet; contains white

Lower X . 90- 300-
Cretaceous Cretaceous Cedar Mountain Formation 610 2000 limestone bed. Contains abundant light-gray, small, rounded
! limestone nodules. Unstable, marked by many earthflows and
landslides.

Shaly siltstone and sandstone, reddish-brown, thin- and even
Twist Gulch Formation 915 3,000 bedded; contains many very thin interbeds of light-gray,
fine-grained sandstone and siltstone.

Calcareous mudstone, shaly siltstone, shale, sparse limestone,

Arapien Shale 13,2926%- :’sogga with much salt and other evaporites. Variegated; commonly
Middle ! ! mottled red and gray.
Jurassic

Jurassic Dominantly limestone, light- to dark-gray, thin to massive,
even-bedded, dense, argillaceous. In places, intensely folded and
Members of the 100- 320- fractured. Includes the following seven members in descending
Twin Creek Limestone 137 450 order: Giraffe Creek, Leeds Creek, Watton Canyon, Boundary
Ridge, Rich, Sliderock, and Gypsum Spring. All members except

the Giraffe Creek are exposed in central Utah.
Lower Navajo Sandstone 150- 500- Sandstone, light-brown to buff, locally reddish orange, medium-
Jurassic (Nugget Sandstone) 305 1,000 to thick-bedded, massive, fine- to medium-grained, quartzose.

TRecent work by Willis (1986) has suggested that the Bald Knoll strata exposed in the type section are not correlative with other rocks mapped as Bald Knoll
elsewhere in central Sevier Valley. Pending resolution of this problem, Willis (1986, p. 6) used the term "*The formation of Aurora’’ for the units here designated
as the Bald Knoll Formation of Gillitand (1951).

TABLE 2.—Some stratigraphic units exposed in the Charleston-Nebo thrust plate, Mount Nebo area, central Utah

[Query, boundary or thickness uncertain]

APPROXIMATE
SYSTEM SERIES UNIT THICKNESS! LITHOLOGY
METERS | FEET
Mlddi? Twin Creek Limestone 2 ) Chle.ﬂy light gray, .thm—bedded limestone; includes interbedded
Jurassic reddish~-brown shaly siltstone members.
Jurassic o 5 - - rbeaded T "
Lower Navajo Sandstone 180 6007 rar?ge— rovyn to reddish-brown to light-brown, thick-bedded, fine- to
, Jurassic medium-grained quartzose sandstone.
U{Jper to Ankareh . Reddish-brown shaly siltstone and crossbedded sandstone with some
?wgr nkareh Formation 122 400 intercalated thin conglomerate beds.
Triassic
Triassic Thaynes Limestone 90~ 300- 9h|efly light gray limestone with some reddish-brown to light-gray shaly
Lower 305 1,000 | siltstone and sandstone beds.
Triassic b ; . A
Woodside Sandstone 120 400 Reddish-brown shaly siltstone and crossbedded, fine- to medium-grained
sandstone.
. . Chiefly light gray to pale-red, thin- to thick-bedded limestone; includes beds
Park City Formation 200 650 of brownish-black cherty limestone.
. ish-| ight- 5 i lat
Permian Low-er Diamond Creek Sandstone 120 400 F}eddnsh brown to light-brown crossbedded sandstone; some intercalated
Permian limestone.
Kirkman Limestone 113 320 Light- to medium-gray, thin- to thick-bedded limestone; contains chert.
Upper to . . . . .
i . Gray to brownish-gray, thin- to thick-bedded limestone and interbedded
Pennsyivanian Lower . Oquirrh Group 3,505 11,500 light-brown, fine- to medium-grained sandstone.
Pennsylvanian

1Thicknesses from Eardiey, 1933a; Johnson, 1959; and Black, 1965.
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The stratigraphic units that form the autochtho-
nous plate are divisible into two parts—the salt-
bearing (Arapien Shale) and younger strata, which
locally are intensely deformed, and the pre-salt
units, which, although deformed, owe their deforma-
tion to orogenic forces and not to the repeated move-
ment of the salt. This division of the sedimentary
stack is important, not only in visualizing more
clearly the structural relations, but also for economic
reasons: suitable traps for the accumulation of oil
and gas may be formed either along the flanks of the
salt diapirs, or in those folded, older rocks that
underlie the masking blanket of diapirically folded
rocks. Unless one recognizes this structural disconti-
nuity, one might never realize that two different
types of structural traps are in the area.

THE ARAPIEN SHALE
NOMENCLATURE

The Arapien was originally defined by Spieker
(1946, p. 123-125) who recognized five lithologic rock
types. He described them as follows (1946, p. 124):

* * *there are five different types of lithologic assemblage, in
which the order of succession, beginning with the lowermost, is
commonly but by no means regularly as follows: (1) Gray lime-
stone, generally thin-bedded; (2) light-gray siltstone and shale,
very thin-bedded, with occasional thin beds of finely rippled sand-
stone; (3) gray shale, argillaceous and gypsiferous, with irregular
red blotches, which locally become dominant; (4) compact red salt-
bearing shale; (5) thin-bedded red siltstone and shale with many
thin layers of greenish white siltstone and occasional zones of gray
sandstone, some of which is fairly coarse grained.

Of the five units recognized, Spieker believed that
the first four could not be traced over long distances.
Type 5, by contrast, appeared to Spieker to be suffi-
ciently consistent in lithology and appearance to war-
rant its being a named member. Spieker, therefore,
divided the five types into two members; he named
type 5 the “T'wist Gulch member,” and grouped and
named the underlying four units the “Twelvemile
Canyon member.”

In the late 1940’s, Clyde T. Hardy, then one of
Spieker’s graduate students, began a study of the
Twelvemile Canyon Member. Hardy soon became
convinced that the Twist Gulch and Twelvemile Can-
yon Members were sufficiently distinct and wide-
spread to warrant separate formational status.
Spieker agreed, and consequently Hardy (1952, p.
14) noted: “The Arapien shale was defined by E.M.
Spieker in 1946, as a formation with two distinct
members (Spieker, 1946, pp. 123-125). The term is
now restricted to the strata formerly included in the
Twelvemile Canyon member, and the Twist Gulch
member is redesignated as a formation because of its

great areal extent in central Utah (Hardy and
Spieker, in preparation).”

The Hardy-Spieker paper was never published, but
most subsequent authors seemingly assumed that the
paper was in print, or simply accepted the reason-
ableness of Hardy’s proposal, and used the term
“Arapien shale” in a formational sense much as pro-
posed by Hardy, and as an exact replacement for the
name “Twelvemile Canyon Member.” Regrettably,
Hardy’s proposal infringed on the existing code of
stratigraphic nomenclature, which forbade using the
original name of a unit (“Arapien shale”) for one of its
divisions (“Twelvemile Canyon Member”). The result
was dual usage of the name “Arapien shale.” U.S.
Geological Survey geologists used the name in its
original sense, as a formation with an upper Twist
Gulch Member and a lower Twelvemile Canyon Mem-
ber. Industry and academic geologists used the name
in its formational sense and as a direct replacement
for the term “Iwelvemile Canyon member.” This dual
usage caused much confusion. To resolve the problem,
Hardy and I proposed (Witkind and Hardy, 1984) that
the Twist Gulch Member be raised to formational
rank, that the units now grouped as the Twelvemile
Canyon Member be known as the Arapien Shale, and
that the name Twelvemile Canyon Member be aban-
doned. Although this action also violates Article 19g
of the North American Stratigraphic Code (North
American Commission on Stratigraphic Nomencla-
ture, 1983), we believed that widespread and common
usage argued persuasively for such a change. In this
Professional Paper 1 follow this terminology and treat
the Twist Gulch and the Arapien Shale as separate
formations.

FIGURE 6 (facing page)—Aspects of the Twist Gulch Formation,
and the Arapien Shale. A, Exposure of the Twist Gulch For-
mation at north end of a low hogback near an ancestral
course of Willow Creek. Twist Gulch strata, downthrown
along a near-vertical, normal fault, dip westward and abut
vertical beds of the Flagstaff Limestone. Structural relations
in this locality are discussed in the section, “Ancestral Willow
Creek area.” B, Arapien Shale exposure in the White Hills,
Willow Creek area. Masses of pale-red mudstone scattered

irregularly through light-gray mudstone give unit a distinc- ™

tive mottled appearance. As mudstone beds are readily dis-
sected, badland topography commonly characterizes Arapien
exposures. C, View looking eastward across Sanpete Valley at
a low, gray, unnamed, north-trending ridge (west of Ninemile
Reservoir), composed of Arapien strata, chiefly overturned
beds of limy mudstone, siltstone, and sandstone. Overturned
beds of the Indianola Group (foreground) are part of the expo-
sure that makes up the Red Rocks area. D, Exposure about 5
km (3 mi) east of Nephi, along north valley wall of Salt
Creek, of light-gray, thin, vertical platy beds characteristic of
some facies of the Arapien Shale.
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Arapien lenses out under the Pavant Range. Eardley
(1969, p. 58, fig. 2), however, seemingly considered the
Arapien to underlie the Pavant Range; and if this is
correct, the Arapien may extend still farther west, at
least to the east edge of the Sevier Desert. Deforma-
tion along the northeast flank of the Valley Mountains
suggests that a major diapiric fold reaches as far west
as Yuba Dam (E-2) and probably extends much far-
ther to the west (Witkind and Page, 1984).

In summary, then, it would appear that in central
Utah the Arapien Shale underlies an area of at least
11,700 km? (4,500 mi2?). On the basis of exposures or
test-well data, the Arapien extends westward some 80
km (50 mi) from the Wasatch Plateau to the Canyon
Mountains and the Pavant Range. It extends south-
ward some 150 km (90 mi) from Thistle (A-5) on the
north to near Elsinore on the south. I suspect that the
Arapien underlies a vastly larger area.

ARAPIEN EMBAYMENT AND THE ARAPIEN BASIN

Sprinkel and Waanders (1984) have suggested that
most of Utah, during Middle Jurassic time (Bajocian,
Bathonian, and Callovian), was the site of a large
marine embayment, which they named the “Arapien
embayment.” As visualized by them, the embayment
probably extended westward into what is now east-
ern Nevada, northward into southern Idaho, south-
ward at least as far as northern Arizona, and
eastward to the Utah State line. Highlands on the
west, south, and east flanked the embayment during
its early stages. Subsequently, as an uplift, now
known as the Uinta Mountains, rose above sea level,
the embayment also became confined on the north.

During the early stages of the embayment, carbon-
ates were deposited that now form the lower and
medial parts of the Twin Creek Limestone interval.
Most likely, the lower five members—the Gypsum
Spring, Sliderock, Rich, Boundary Ridge, and Watton
Canyon Members—of the seven members of the Twin
Creek Limestone were formed during that time. Sub-
sequently, the embayment shrank to form a smaller
basin—the Arapien basin of Stokes (1982)—and
shallow-water and saline deposits, the bulk of the
Arapien Shale, formed in that basin under hypersa-
line conditions. Apparently, Arapien mudstones and
evaporites were being deposited even as units of the
Leeds Creek Member of the Twin Creek, above the
Watton Canyon, were forming in deeper waters mar-
ginal to the basin.

The extent of the Arapien basin is problematical.
Stokes (1982, fig. 1) suggested that it occupied most
of Sevier and Sanpete Counties. Sprinkel and
Waanders, on the basis of isopach maps, chiefly of

Arapien strata, proposed that the basin was consider-
ably larger. In their view, the basin occupied most of
central Utah, reaching as far north as Provo, as far
east as Green River, as far south as St. George, and
as far west as Delta. The deepest part of the basin
underlay Sanpete and Sevier Counties; presumably
most of the evaporites accumulated there.

Much salt must have been deposited in the
Arapien basin, and large volumes of that salt must
have been dissolved and moved elsewhere. Indeed,
that an Oligocene salt diapir was penetrated by the
Argonaut-Federal well near Delta, far to the west of
the Sanpete—Sevier Valley area (p. 24), implies such
dissolution and mobilization of the Jurassic salt.
Although Standlee (1982) has argued that the well
data for central Utah indicate only relatively minor
to moderate amounts of salt—in essence, insufficient
salt to support the salt diapiric concept—the critical
factor is not the amount of salt currently available,
but rather the amount of salt that was available in
the geologic past.

Moulton (1975, p. 90, and fig. 13), prior to the work
of Sprinkel and Waanders, and of Stokes, had specu-
lated that the depocenter for much of the Arapien
Shale must have been a northeastward trending rift
valley, which Moulton named the “Sanpete-Sevier
rift.” In his view, the rift, bounded by growth faults,
contained the thickest accumulations of salt and was
filled with about 3,350 m (11,000 ft) of evaporites and
shales. Moulton believed that the east edge of the rift
was delineated by an “ancient Ephraim fault,” and,
thus, he saw the saline basin as being essentially
asymmetric—deepest along its east edge—as a result
of repeated movement along this ancient fault. In
Moulton's view (1975, p. 91), the ancient Ephraim
fault has been inactive since Middle Jurassic time.
Picard (1980, p. 133) objected to the concept of a rift
valley and proposed that the basin be termed instead
a “Jurassic marginal basin.” He believed that the
position of the basin and its general shape were
determined by the regional uplift of a western Meso-
cordilleran anticline.

CONTAINED SALT

LITHOLOGY

Salt is mined from the Arapien Shale near Red-
mond (G-3), and is exposed in the mines there; salt
also crops out in several small salt mines in Salina
Canyon (H-3) east of Salina (G-3). As far as known,
salt is not exposed elsewhere in this part of central
Utah, although it was mined by the Great Western
Salt Company from pits some 8 km (5 mi) northeast
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of Salina. Salt was also mined near Sterling (F—4),
and from two rock-salt pits in the Arapien Shale
along the north bank of Salt Spring Creek (a tribu-
tary to the North Fork of Salt Creek), some 11 km
(7 mi) east of Nephi (B-3). In all localities, the salt is
intercalated with mudstone beds of the Arapien
Shale, chiefly red shaly siltstone and earthy mate-
rial, probably correlative with Hardy’s unit E. Its
great extent, however, is evident in the names the
early settlers gave to the creeks and communities in
central Utah—Salt Creek, Little Salt Creek, Salina.

Picard (1980, p. 145), has described the salt in the
Redmond area: “In general appearance, the salt is
massive and coarse-grained. * * *because of the
intense deformation and flowage much of the salt is
oriented and drawn out into acicular crystals* * *”

The salt is ordinary halite, but tinted a pale to
deep reddish brown by disseminated clay particles.

Although the salt exposed in the Redmond mines is
highly deformed, at least one small salt mine east of
Salina exposes bedded salt—somewhat of a surprise,
for one might not expect bedded salt in an area
marked by intense and repeated diapiric activity.
Jackson (1985, p. 4), however, discussing Iranian
diapirs, noted that although most of the Iranian salt
is intensely deformed, some “* * *rock salt is horizon-
tally stratified in some diapirs* *suggesting
emplacement in a pistonlike manner with little inter-
nal deformation* * *”

THICKNESS OF SALT

Where exposed in most places the salt is much
crumpled and contorted; near Redmond (G-3), for
example, the salt beds are vertical, and may range in
thickness from 180 to 300 m (600 to 1,000 ft) (Pratt
and others, 1966, p. 54). One bed being mined in the
Redmond area in 1980 was about 60 m (200 ft) thick
(Picard, 1980, p. 145).

Although the drilling that has been done in central
Utah demonstrates that salt is widespread in the
subsurface (Moulton, 1975; Standlee, 1982, fig. 5),
little salt is exposed at the surface. Probably this
lack of surface exposures is due to the extreme solu-
bility of the salt; no sooner is it exposed than it is
dissolved and removed. Pratt and his co-workers
(1966, p. 55) have suggested that the salinity of
Great Salt Lake may stem in some measure from the
solution of exposed Arapien salt by the ancestral
Sevier River, which flowed north and discharged into
Lake Bonneville during Pleistocene time.

The salt diapir cut by the Argonaut-Federal well
(C, NW, sec. 23, T. 15 S., R. 7 W,, Millard County),
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near Delta (some 70 km (45 mi) northwest of the
Sanpete-Sevier Valley area), also suggests dissolu-
tion and transport of Arapien salt. This well passed
through some 1,570 m (5,152 ft) of salt (Mitchell,
1979, p. 505). On the basis of palynological studies
and fission-track dating of intercalated volcanics, the
basin sediments penetrated by the well have been
tentatively dated as late Oligocene (Lindsey and
others, 1981). The salt, part of these basin sediments,
has been interpreted as former Mesozoic salt depos-
ited during Oligocene-Miocene time in the large
ancestral Sevier Lake into which the ancestral Sevier
River emptied (Mitchell, 1979, p. 505-508). Presum-
ably when the salt-rich units of the Arapien Shale in
this part of central Utah broke through to the sur-
face during the late Oligocene or Miocene, the
exposed salt was dissolved by the ancestral San Pitch
and Sevier Rivers and their tributaries, carried north
and west around the north ends of both the Valley
(G-2) and Canyon (E-1) Mountains, and discharged
into ancestral Sevier Lake. Subsequent evaporation
resulted in the deposition of the salt, which eventu-
ally migrated laterally to form the discrete diapir
drilled by the Argonaut-Federal well. 1 believe that
many other salt diapirs, comparable to the one pene-
trated by the Argonaut-Federal well, are in the gen-
eral area near Sevier Lake.

Other workers have assumed that although salt is
in the area, there just was not enough for it to have
played any significant role in the structural develop-
ment of central Utah (Gilliland, 1963, p. 123;
Standlee, 1982; Lawton, 1985). I suggest instead that
large amounts of salt have been removed from the
area in the past and that large amounts still underlie
the area. The Phillips Price “N” well, in Sanpete
Valley near Moroni (D—4) (fig. 9) (SE%SE¥ sec. 29,
T. 15 S., R. 3 E.), penetrated salt and interbedded
subordinate calcareous mudstone some 621 m (2,038
ft) thick. Near Salina (G-3), the Chevron U.S.A.
Salina Unit No. 1 well (sec. 33, T. 22 S., R. 1 W) cut
more than 300 m (1,000 ft) of salt and interbedded
mudstone (Standlee, 1982, p. 366). In the West Hills
(D-2), west of Juab Valley, Placid Oil Company’s
Howard 1-A WXC well (NE¥“UNW Y sec. 5, T. 14 S.,
R. 1 W) cut about 170 m (550 ft) of salt. And Chev-
ron’s Chriss Canyon No. 1 well (NE%4SW#: sec. 33,
T 16 N., R. 1 E.), near the center of the Gunnison
Plateau (D-3), cut through about 245 m (800 ft) of
salt (Standlee, 1982, p. 362).

Moulton's (1975, fig. 13) isopach map shows the dis-
tribution and thickness of the salt. His sparse data
show a remarkable lack of uniformity, suggesting that
the salt varies greatly in thickness. Data from test
wells indicate that great thicknesses of salt give way
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laterally to zones that either contain no salt or con-
tain but thin salt stringers. So, although the Price
“N” well penetrated a great thickness of salt, the
Moroni wells (sec. 14, T. 15 S., R. 3 E.), only 5 km
(3 mi) to the east, found none, even though they cut
great thicknesses of Arapien mudstone. In like fash-
ion, the State No. 1 well (sec. 36, T. 15 S., R. 1.5 W.)
cut through 1,050 m (3,450 ft) of salt. The Monroe
13-7 well (sec. 13, T. 16 S., R. 2 W.), about 5 km
(3 mi) to the southeast, cut only about 210 m (688 ft)
of salt, and the Barton No. 1 (sec. 32, T. 16 S,, R. 1
W.) well, about 8 km (5 mi) southeast of the Monroe
well, found none, even though it drilled great thick-
nesses of Arapien mudstone.

It seems to me that the absence of salt from some
wells does not necessarily mean nondeposition, or
areally erratic dissolution, but rather lateral migra-
tion of salt toward the diapirs. Much of the salt, thus,
may now be in the diapirs. Those wells that cut great
thicknesses of salt, such as the Phillips Price “N”
well, or Chevron’s U.S.A. Salina Unit No. 1 (sec. 33,
T. 22 S., R. 1 W), probably are near the axial part of a
diapiric fold (fig. 5). Those wells that found no salt
but did drill through much mudstone (such as the
Hanson wells) either are along the flanks of the dia-
piric core, or have drilled into localities where the
source (“mother”) bed of salt has been depleted. As
Sannemann (1968) noted, once salt diapirs begin to
form, the bedded salt migrates laterally toward the
rising salt stocks (diapirs). It seems unreasonable to
assume that salt was deposited only in restricted
areas of the large Arapien basin.

Furthermore, the amount of salt found throughout
the area now may have little or no bearing on the
purported thickness of the salt. The critical factor is
the amount of salt that was available during the
times the diapiric folds were formed. Much of the
salt that was present then may have been removed
as a result of either dissolution or extrusion.

This migration of the salt may be the result of
autonomous, isostatic movement (halo-kinesis), or the
result of tectonic impulses (halo-tectonism) (Trusheim,
1957; see also pages 129 and 131).

THICKNESS OF ARAPIEN SHALE

In most exposures the Arapien Shale is greatly
deformed; crumpled and contorted beds are wide-
spread, small folds accompany larger ones, and over-
turned folds are common (fig. 10). Deformation is
intense, and so many beds are repeated that the orig-
inal thickness of the Arapien is uncertain; estimates
range from 1,200 to 4,000 m (4,000 to 13,000 ft)
(Spieker, 1949, p. 17; Gilliland, 1948, p. 30; 1951,

p. 11; Hardy, 1949, p. 16, 17; Eardley, 1933a, p. 331;
Standlee, 1982, p. 363). Standlee (1982, p. 363), in
particular, suggested that a thickness of about
1,675 m (5,500 ft) “* * *closely approximate(s) the
original stratigraphic thickness of the Arapien * * *
in the Gunnison Plateau region.” Standlee’s thick-
nesses, based on the Dixel Resources and the Chev-
ron U.S.A. Chriss Canyon wells (fig. 9), include
oolitic limestone beds that I assign instead to the
Twin Creek Limestone. Thus, his Arapien includes
not only Arapien mudstones but also Twin Creek
limestones.

I doubt whether any of the thicknesses cited above
is a reliable indicator of the original thickness of the
Arapien. The Arapien is probably thickest near the
axes of the diapiric folds, thinnest between them.

AGE

The Arapien Shale is of Middle Jurassic (Callo-
vian) depositional age. Formerly the Arapien was
assigned to the Bathonian (Witkind and Hardy, 1984).
Sprinkel and Waanders (1984, p. 950), through study
of the Twin Creek and Arapien relations, identified
three distinct dinoflagellate assemblages which they
assigned to the Bajocian(?), Bathonian, and Callovian
Stages of the Middle Jurassic. The Bajocian(?) assem-
blage characterizes the lower part of the Twin Creek
sequence, essentially the Sliderock and Rich Mem-
bers. The Bathonian assemblage marks the medial
part of the Twin Creek, chiefly the Boundary Ridge
and Watton Canyon Members. And the Callovian
assemblage is found in the Arapien Shale (Waanders
and Sprinkel, 1984)—additional support for the con-
tention that the Arapien is essentially equivalent to
the Leeds Creek Member.

Although the Arapien Shale was deposited during
the Middle Jurassic, its age seemingly has changed
throughout geologic time. In places, it deforms Creta-
ceous beds, elsewhere Eocene or Oligocene strata, and
in several places it probably has deformed Pliocene or
Quaternary units. Thus, although its depositional age
is Middle dJurassic; its emplacement ages have
changed repeatedly. To indicate the several emplace-
ment ages, I have, on a published map (Witkind,
1981), and on figures in other published articles (Wit-
kind, 1982; 1983), used such symbols as “Q{Jat),”
“K(Jat),” and “T(Jat)” to indicate the major times
(Q=Quaternary, K=Cretaceous, and T=Tertiary) during
which the country rocks were deformed by the upward
movement of the Arapien Shale (formerly known as
the Twelvemile Canyon Member of the Arapien Shale;
J=Jurassic, a=Arapien Shale, t=Twelvemile Canyon
Member). In this paper I have omitted the “t” from the
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FIGURE 9 (above and facing page).—Major test wells in central Utah, and their spatial relation to recognized diapiric folds. All wells
are approximately located. Index A, location of figure 9; index B, general structural setting,
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Miocene and that has persisted to the present. If
strip thrusts were indeed formed during the Oli-
gocene, or later, as Billings suggested for this sector
of the Sevier Valley, this Tertiary thrusting would
have begun long after thrusting ended elsewhere,
and even as block faulting was beginning in this area
in response to the widespread episode of crustal
extension. The pattern of crustal deformation, so
widespread throughout the Western Interior of the
United States, argues against thrusting in this area
after Paleocene time. In my view, the most plausible
explanation for the structural deformation of these
hogbacks involves the upward tilting of the Green
River beds by the upward, rising movement of the
Arapien Shale.

SMALL HILL NEAR NINEMILE RESERVOIR

A small hill directly south of Ninemile Reservoir
(F-3) displays upward tilting of Green River beds by
the Arapien Shale. Directly east of the hill, Green
River limestone beds, dipping west as part of the
Wasatch monocline, pass below the east edge of
Arapien Valley (fig. 15). These Green River limestone
beds reappear along the west side of the valley, but
dip east, and thus form a small north-trending
syncline whose axis has determined the trend of
Arapien Valley. These limestone beds, part of the
upper unit of the Green River Formation, directly
overlie the Arapien Shale. The fact that units com-
monly found below these limestone beds, such as the
shale unit that makes up the lower part of the Green
River Formation, fail to crop out implies that these

FIGURE 16 (facing page).—Major diapiric folds in central Utah.
Thick dark lines represent approximate position of fold crests;
dashed lines represent inferred position. Query reflects
uncertainty as to whether mapped structure is a diapiric fold.
Encircled numbers identify folds. Page numbers refer to
description of fold in text.

1 Sanpete—Sevier Valley diapiric fold (p. 38).
2 Redmond diapiric fold (p. 57).
3 Levan diapiric fold (p. 69).
4 Sevier Bridge Reservoir diapiric fold (p. 57).
5 West Hills diapiric(?) fold (p. 100).
6 Valley Mountains diapiric(?) fold (p. 101).
7 Fairview diapirice(?) fold (p. 98).
8 Little Clear Creek diapiric fold (p. 96).
9 Hjorth Canyon diapiric fold (p. 93).
10 Dry Hollow diapiric fold (p. 83).
11 Thistle Creek diapiric(?) fold (p. 83).
12 Pole Creek diapiric fold (p. 77).
13 Footes Canyon diapiric(?) fold (p. 81).

older units pinched out against a rising paleo-high—
the core of the Sanpete-Sevier Valley diapiric fold
(cross section, fig. 15). The abrupt reversal of the
Green River beds to an eastward dip must reflect the
upward push of Arapien beds. The relations between
the intrusive Arapien and the upward tilted Green
River beds are well exposed along the west flank of
the knoll (fig. 14D).

MAJOR STRUCTURES (DIAPIRIC FOLDS)

I recognize 13 diapiric folds in and adjacent to the
Sanpete—Sevier Valley area (fig. 16), and believe that
other comparable folds are still to be found. The folds
appear as elongate, narrow, linear to faintly sinuous
upwarps whose trend and extent reflect the underly-
ing salt diapirs. The folds are much like the “salt
anticlines” (salt-cored anticlines) of the Paradox
Basin in southwestern Colorado and northeastern
Utah (Cater, 1955, p. 125), and the “elongate salt
structures” of northern Germany (Trusheim, 1960,
fig. 3). Although the folds in central Utah have been
deeply eroded, one is impressed by the similarities
between the central Utah folds and those exposed in
the Paradox Basin. These central Utah diapiric folds
extend for tens of kilometers. In places, the position
and trend of individual folds are expressed by out-
crops of the calcareous mudstones of the Arapien
Shale, which I interpret as the “diapiric core” of the
fold (fig. 5). Elsewhere, the Arapien Shale is con-
cealed beneath surficial deposits, and the fold is
expressed by elongate, linear belts of steeply dipping
to vertical and overturned sedimentary beds (the
deformed country rocks of fig. 5). I interpret these
complexly deformed sedimentary beds to be the
eroded flanks of the fold. I believe that the strike of
these vertical or overturned beds precisely reflects
the trend of the diapiric fold and its underlying caus-
ative salt diapir.

The contorted beds of Arapien Shale that underlie
the White Hills (G-3), along the east side of Sevier
Valley, are an excellent example of the exposed core
of a north-trending diapiric fold; the vertical to over-
turned beds that delineate much of the east flank of
the Gunnison Plateau are an outstanding example of
the eroded west flank of the same north-trending
fold—the Sanpete—Sevier Valley diapiric fold.

These vertical to overturned beds of the deformed
country rock (fig. 5) are typically confined to a nar-
row zone. In place after place, these beds, traced
perpendicular to strike, abruptly lessen in dip away
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from the diapiric core and conform to the regional dip
in distances as short as several kilometers. If these
steeply tilted beds were concealed beneath surficial
deposits, it would be almost impossible from surface
exposures to recognize the presence of one of these
folds (fig. 64).

The 13 diapiric folds trend generally northward
through the Sanpete—Sevier Valley area (fig. 16),
more or less parallel to the many grabens and high-
angle normal faults that break the crest of the
Wasatch Plateau. Most of the folds trend northeast; a
few—mainly those that flank the Gunnison Plateau—
trend north; a single fold, the Sevier Bridge Reservoir
fold, trends northwest. Their spatial distribution sug-
gests that most are interrelated, each branching off
another much as distributary streams branch off a
master stream.

The Sanpete-Sevier Valley fold (fig. 16, 1) appears
to be the master fold. Branching off its south end is
the Redmond fold (2), which extends at least from
Redmond (possibly Sigurd) to near Gunnison and
may continue northward to join the Levan fold (3).
Near Fayette, the Sevier Bridge Reservoir fold (4)
may branch off the Redmond fold. The West Hills
fold (5), trending north, has been drilled and much
salt found in its core. The Valley Mountains fold (6)
also may once have had a salt core; recent drilling
failed to penetrate any salt. A north-trending graben
in the Valley Mountains, Japanese Valley, suggests
that the salt core of the fold may have been dissolved
and removed, with subsequent collapse of the overly-
ing strata to form the graben. The Fairview
diapiric(?) fold (7) may branch off the master
Sanpete—Sevier Valley fold near Ephraim and extend
northeastward to near Indianola. The Little Clear
Creek fold (8) trends northeastward; its crest has
determined the position of Little Clear Creek. The
northeast end of the Little Clear Creek fold passes
directly into the Dairy Fork graben, implying dissolu-
tion of the salt core with subsequent collapse of the
overlying beds to form a graben. The Hjorth Canyon
fold (9) appears as an elongate northeast-trending
dome. The Dry Hollow fold (10) is collinear with and
may be the north end of the northeast-trending Pole
Creek fold (12). The Thistle Creek fold (11) and the
Footes Canyon fold (13) seemingly have deformed
part of the Charleston-Nebo thrust plate.

SANPETE-SEVIER VALLEY DIAPIRIC FOLD

The Sanpete-Sevier Valley diapiric fold (the
Sanpete—Sevier Valley anticline of Gilliland (1963))
appears to be the longest of the 13 folds so far recog-
nized (fig. 16, 1). On the basis of diverse geologic evi-
dence (such as exposures of the Arapien Shale,

steeply tilted to overturned sedimentary beds, test-
well data, and collapse phenomena), 1 believe that
the fold extends northward from near Richfield (I-1)
to at least Moroni (D—4). Gravity data (fig. 52) imply
that the fold extends northward beyond Moroni, pos-
sibly reaching Fountain Green (C-4). If so, the fold
has a minimum length of at least 95 km (60 mi), and
may be as much as 125 km (75 mi) long. In general,
the fold trends about N. 30° E., although its course is
faintly sinuous.

The exposed diapiric core of the fold, expressed as
an unbroken belt of Arapien mudstone, extends from
near Richfield on the south to near Manti (E-4) (fig.
8). Northward, beyond Manti, the core is completely
concealed beneath the surficial deposits that floor
Sanpete Valley. Between Richfield and Salina (G-3),
the core clings to the east side of Sevier Valley, where
volcanic flows mantle both flanks. Those volcanic
rocks along the east flank of the core dip eastward;
those along the west flank dip westward. Locally,
these volcanic rocks are overturned (Gilliland, 1963,
p. 121). Farther north, between Salina and Mayfield
(F-3), the core of the fold still hugs the east side of
Sevier Valley, but here the core’s west flank is over-
lain by Green River strata that dip moderately to
steeply westward. The core’s east flank, presumably
eroded, is concealed beneath the surficial deposits
that floor Arapien Valley (G-3). Near Sterling (F-4),
the core fills the narrow mouth of Sanpete Valley;
both flanks of the fold are exposed as near-vertical to
overturned beds of Cretaceous rocks (figs. 19 and 21).

The vertical to overturned Indianola beds along the
east flank of the Gunnison Plateau (D-3) represent
the partly eroded west flank of the fold (fig. 17).
These strata are unconformably overlain either by
the Price River Formation, or, where Price River
strata pinch out presumably against the flanks of the
fold, by the North Horn Formation. Invariably, these
younger Price River and North Horn strata dip away
from the crestal part of the fold at moderate angles
(20° to 30°). In the Sterling area, where both flanks
of the fold are exposed, Indianola beds east of the
core are overlain by North Horn strata that dip east
20° to 30°. West of the core, North Horn strata dip
west at comparable angles.

I believe that the Sanpete—Sevier Valley diapiric
fold abuts the east side of the Gunnison Plateau as far
north as Freedom (D—4); beyond Freedom the crestal
part of the fold trends northward toward Fountain
Green (C—-4), even as the front of the Gunnison
Plateau bends to the northwest. In this sector, thus,
the crest of the fold may be about 2.5 km (1.5 mi) east
of the steep slopes and cliffs that mark this part of the
plateau front. I suspect that the fold curves near
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long by 5 km (3 mi) wide. The fold extends from near
Mills Gap (D-2) on the south, to near Utah State
Highway 132 on the north (fig. 16), where it abuts an
erosional remnant of the Charleston-Nebo overthrust.
The fold is composed of Cretaceous and Tertiary strata
(North Horn), and Tertiary strata (Flagstaff, Colton,
and Green River Formations) that are unconformably
overlain by volcaniclastic beds of the Eocene and Oli-
gocene Goldens Ranch Formation. The volcanic units
of the Goldens Ranch have been warped and faulted
along with the underlying sedimentary units. In gen-
eral, both flanks dip away from the crest of the fold at
about 20° to 30°.

In several places, elongate veins of banded calcite
intrude the volcanic units. One of these veins, about
850 m (2,800 ft) long and 8 m (25 ft) wide, trends
about N. 75° E. through C sec. 16, T. 13 S,, R. 1 W.
Other small calcite seams and veins, most of
unknown length but ranging from 0.5 to 2.0 m (2 to 6
ft) in width, intrude volcaniclastic sediments that are
exposed in small knolls in the E¥z sec. 26, T. 13 S., R.
2 W.

DISCUSSION

Although the Arapien Shale is nowhere exposed in
the West Hills, recent drilling by Placid Oil Company
on the crest of the fold (Howard Well No. 1-A WXC,
NWi/sNW Vs sec. 5, T. 14 S., R. 1 W) (fig. 9) indicates
that the fold has a core of Arapien Shale that con-
tains many beds of both salt and anhydrite scattered
through calcareous mudstone.

The fact that the volcanics of the Goldens Ranch
are deformed along with the underlying sedimentary
rocks of Cretaceous and Tertiary age suggests that
the folding must have occurred at some time after
the middle Oligocene, the youngest age assigned to
the Goldens Ranch Formation (Witkind and Marvin,
1989). As much salt is contained in the Arapien core
of the fold, it seems reasonable to surmise that the
folding may stem from movement of the salt.

The calcite veins that intrude the volcanic mantle
would seem to support the view that the deformation
is the result of movement of the Arapien core.
Presumably some of the evaporites of the buried
Arapien were dissolved and then reprecipitated at
some time after the volcanics were extruded, consoli-
dated, and warped. Such dissolution and reprecipita-
tion would seem most likely during episodes of
diapiric deformation.

VALLEY MOUNTAINS DIAPIRIC(?) FOLD

The Valley Mountains (G-2) are a low, north-
trending, oval mass about 45 km (28 mi) long and
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some 11 km (7 mi) wide (fig. 2), bounded on the west
by Scipio (E-1) and Round Valleys (F-2) and on the
east by Sevier Valley (G-2). Sevier River, flowing
north through Sevier Valley, bends around the north
end of the Valley Mountains and is then impounded
behind Yuba Dam (E-2) to form the Sevier Bridge
Reservoir (Yuba Lake). On the south, the Valley
Mountains end in a small saddle formed near a
southeastward bulge of the Pavant Range (H-1).
Highway U.S. 50 follows the west flank of the Valley
Mountains southward from Scipio to Salina (G-3).
The Valley Mountains may be the site of a diapiric
fold (fig. 16, 6).

GEOLOGIC SETTING

The Valley Mountains, composed chiefly of Creta-
ceous and Tertiary units, are an eastward-tilted fault
block bounded on the west by a high-angle normal
fault that trends north and dips steeply to the west.
The crustal block west of the fault (greater Scipio
Valley) is downthrown. The strata that form the crest
of the mountains are nearly horizontal, and these are
broken by many northward-trending high-angle nor-
mal faults. Comparable fault patterns are found in
the Wasatch Plateau (Gilliland, 1951, p. 61). Locally,
several of these faults in the Valley Mountains are
paired to form grabens; one of the larger grabens so
formed is an wunusually straight north-trending
depression expressed topographically for part of its
length as Japanese Valley. Japanese Valley is about
13 km (8 mi) long and 2 km (1% mi) wide. I believe,
however, that the graben extends beyond the ends of
Japanese Valley, possibly reaching from South Valley
(G-2) northward almost to Red Canyon (E-2), a dis-
tance of about 19 km (12 mi).

As the nearly horizontal strata that form the crest
of the Valley Mountains are traced eastward they
gradually flex downward to form the eastward-facing
Valley Mountains monocline. As in the Wasatch mon-
ocline, far to the east, beds of the Flagstaff Lime-
stone form much of the monoclinal slope. Younger
beds, chiefly Colton, Green River, and Crazy Hollow
strata, have been almost completely removed from
this slope, but are preserved along and near the
slope’s base where they appear as small eastward-
dipping cuestas. Eastward-flowing consequent (but
intermittent) streams have cut deep valleys that
reach far back toward the crest of the mountains.

Along the northeast and east edges of the Valley
Mountains, the monocline has hbeen breached to
expose a structurally complex sequence of Cretaceous
and Tertiary beds. I describe these exposures else-
where in this Professional Paper (p. 62-66), and
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attribute the structural complexity to recurrent
movement of the Sevier Bridge Reservoir diapir, and
the monoclinal downwarp to dissolution of salt from
that diapir.

DISCUSSION

Although mudstones of the Arapien Shale are
nowhere exposed in the Valley Mountains, they have
been found in the Anschutz Corporation’s Monroe
Fee No. 1 well (SE%SEY: sec. 14, T. 20 S., R. 2 W.),
and Placid Oil Corporation's WXC-USA 1-2 well
(NW%SW1 sec. 24, T. 19 S, R. 2 W) (fig. 9). The
Placid well is along the west flank of the mountains,
and the Monroe well is in Round Valley. Although
both wells penetrated the Arapien Shale, neither well
cut beds of salt.

Several factors hint that the mountains are a dia-
piric fold somewhat similar to other diapiric folds in
the area. Thus, the elongate shape of the mountains,
the linear, collapsed graben (Japanese Valley) that
follows the mountain crest, and the presence of
Arapien mudstones in the core all favor the concept
that the Valley Mountains are, or once were, under-
lain by a salt diapir. The graben, in particular, sug-
gests subsidence as a result of withdrawal of salt
from a causative diapir. The many north-trending
faults, so much like those that break the crest of the
Wasatch Plateau, also favor dissolution of salt as an
explanation for their origin.

Although the two test wells failed to penetrate salt,
this in itself does not necessarily mean that salt does
not, or did not, underlie the Valley Mountains. Both
wells, along the west flank of the fold, are consider-
ably west of the crest of the fold, and thus could have
missed the causative salt core. Previously, I have
suggested (p. 12 and fig. 5) that most of the salt
diapirs are long, narrow ridges of salt. Trusheim
(1960, fig. 4), studying the Zechstein salt of northern
Germany, has referred to comparable diapirs as “salt
walls.” Wells drilled along the flanks of a diapiric fold
could easily miss such thin salt ridges.

GRAVITY DATA

Gravity data are available for parts of the Sanpete—
Sevier Valley area as a result of a Bouguer gravity
survey completed between 1968 and 1974 by Brown
(1975, fig. 5). Brown’s data were subsequently reeval-
uated by Brown and Cook (1982), but this new
appraisal included no new data.

The gravity data reveal the general distribution
pattern of the diapiric folds (fig. 52). The trends of
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most folds closely coincide with the gravity lows, but
the trends of a few folds seemingly diverge somewhat
from the determined gravity lows. Such divergence
may stem from the low density contrast between the
Arapien Shale and the valley fill; the contrast seem-
ingly is just too small to be easily recognized. Brown
and Cook (1982, p. 123) commented: “The expected
density contrast between it [the alluvium] and the
Arapien Formation is too small to be detailed in this
study. Hence, alluvium will be included with the
Arapien in quantitative interpretations.”

The gravity map shows three elongate, faintly sinu-
ous lows more or less coincident with the Sevier (G-3),
Sanpete (E—4), and Juab valleys (C-2). Farthest south
is a narrow, deep trough that trends about N. 30° E,,
and that coincides with that part of Sevier Valley
between Richfield (I-1) and Gunnison (F-3). Near
Gunnison, the trough bifurcates to form two narrow
lows—an eastern one that trends about N. 20° E. and
that follows Sanpete Valley, and a western one that
trends about N. 20° W. and that persists beneath
Sevier Valley to underlie the Sevier Bridge Reservoir
(E-2) sector. The third low, which follows Juab Valley,
trends about N. 20° E.; the low’s south end joins the
northwest-trending low beneath the Sevier Bridge
Reservoir.

All three gravity lows are remarkably alike—
narrow, deep, and faintly sinuous, almost straight.
Locally, as in the Sevier (Salina (G—-3)-Redmond (G-3)
area) and Sanpete Valleys, intense gravity lows
closely coincide with exposures of the Arapien Shale,
strongly suggesting that at least in those areas the
lows directly reflect the salt-rich diapiric cores. Else-
where, however, the belts of Arapien mudstone, which
I interpret to be the cores of the diapiric folds, are
disturbingly distant from the gravity lows. For
example, near Richfield (I-1) the gravity low follows
the center of Sevier Valley, but the Arapien Shale
exposures are some 10 km (6 mi) to the east, where

FIGURE 52 (facing page).—Bouguer gravity anomaly map of part of
central Utah on which are plotted the estimated traces of several
major diapiric fold crests, which generally follow the trend of
three major gravity lows. The Redmond diapiric fold follows the
northern part of the low underlying Sevier Valley, between Rich-
field and Gunnison. The Sanpete—Sevier Valley diapiric fold fol-
lows the eastern lobe of the low extending northeast from
Gunnison. The Sevier Bridge Reservoir diapiric fold follows part
of the western low extending northwest beneath Sevier Bridge
Reservoir. From data in Witkind and Marvin (1989), another
diapiric fold as yet unrecognized may coincide with the branch of
the low beneath Juab Valley. Fold crests dashed where inferred,
queried where speculative. Gravity data from Brown, 1975.
Contour interval 10 mGal; dashed where inferred; hachured to
indicate area of closed low.
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they form part of the eastern reaches of Sevier Valley.
Brown and Cook (1982, p. 130) recognized this incon-
sistency and attributed it to an anticline formed in
pre-Arapien strata and concealed beneath the
Arapien. Seemingly, the Arapien over the buried anti-
cline is relatively thin; away from the anticline the
Arapien thickens and forms definitive gravity
troughs.

A similar lack of agreement between a gravity low
and the Arapien exposures is apparent in the Levan
(C-3) area to the north. The gravity low follows the
center of Juab Valley; the north-trending Arapien
Shale outcrops, which mark the core of the Levan
diapiric fold, are some 7.2 km (4.5 mi) to the east,
where they form part of the west flank of the Gunni-
son Plateau. Possibly, another diapiric mass under-
lies Juab Valley (Witkind and Marvin, 1989).

Furthermore, two major postulated diapiric folds,
the Fairview and the Valley Mountains folds, seem-
ingly are not shown at all by the gravity data. This
lack, however, may be due to the sparsity of gravity
data in those localities.

DIAPIRIC DEFORMATION OF THE
EAST FLANK OF THE
CHARLESTON-NEBO THRUST PLATE

Most of the diapiric folds discussed previously are
distinctive and readily recognized. A causative salt
diapir has warped up the surface rocks into near-
vertical attitudes, and these upwarped rocks pre-
cisely reflect the trend of the underlying diapir. By
contrast, in this section I discuss how several of
these diapirs, and their overlying diapiric folds,
overridden by and concealed beneath the Charleston-
Nebo thrust plate, subsequently deformed the over-
riding plate and its mantle of younger rocks.

I am convinced that both the Levan and the Thistle
Creek diapirs have broken and warped the thrust
plate (p. 69-75 and 83-86). Here, I summarize mate-
rial that originally appeared in USGS Professional
Paper 1170-F (Witkind, 1987), which described a
series of geologic exposures along the eastern margin
of the thrust plate that seemed most reasonably
explained by diapiric uplift of the thrust plate and its
sedimentary and volcanic cover.

In brief, Cretaceous and Tertiary sedimentary and
voleanic strata unconformably overlie the sinuous ero-
sional escarpment (p. 83 and fig. 4) formed along the
eastern margin of the thrust plate. Wherever these
strata abut and overlie the escarpment they invari-
ably dip away from it, regardless of the escarpment’s
trend. For example, remnants along that part of the
escarpment that trends northward dip generally east
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or northeast; elsewhere, where the escarpment trends
eastward the remnants dip south or southwest.
Within short distances from the escarpment, however,
the beds reverse dip and consistently dip toward the
escarpment. A narrow to broad, ill-defined, sinuous
syncline thus rims the escarpment. In my view, the
tilted strata adjacent to the escarpment are the rem-
nants of an upwarp formed when the east edge of the
thrust plate was lifted up and arched long after the
plate was emplaced, eroded, and buried beneath these
younger Cretaceous and Tertiary strata. I attribute
this uplift and warpage to upward movement of one or
more diapiric folds concealed beneath the plate. I
believe that the width of the marginal syncline at any
one place is determined by the distance between the
escarpment and one or another of several diapiric
folds, described previously, that crop out east of the
escarpment.

In my earlier report (Witkind, 1987), I described
nine localities marked by these upturned Cretaceous
and Tertiary beds. Eight of these nine localities are
alike, in that tilted beds of mudstone and clastic rocks
of the North Horn Formation unconformably overlie
Paleozoic and Mesozoic beds that form the escarp-
ment cut on the thrust plate. In the ninth locality, the
tilted beds that overlie the escarpment are voleanic
rocks of the Moroni Formation. Of the nine localities
marked by tilted strata, three—Salt Creek (fig. 54),
Taylor Fork (fig. 56), and Red Lake (fig. 57)—are
characterized by strata that dip eastward. In another
three localities—Black Canyon (fig. 55), Payson Can-
yon (fig. 58), and Thistle Creek (fig. 44)—the strata
dip southeastward; and in two localities—Bennie
Creek (fig. 58), and Loafer Mountain—the strata dip
southwestward. In Santaquin Canyon (fig. 59), the
North Horn strata dip northward. In all localities, no
matter what the direction of dip, the strike of the
overlying younger strata parallels the escarpment.
This parallelism, coupled with these divergent direc-
tions of dip, implies some structural relationship
between the thrust plate and its mantle of younger
Cretaceous and Tertiary rocks.

For brevity, I omit descriptions of these localities in
the present report, but do include a geologic map and
cross section for eight of these localities. Photo-
graphic overviews of various of these localities are
given in figure 53, and figure 3 shows the locations of
all nine.

IMPLICATIONS OF THE TILTED STRATA

Seemingly, four alternative interpretations reason-
ably explain the deformation:



















































DIAPIRIC PROCESSES

collapse structure, for the formerly continuous strata
that overlay the diapir were broken and disrupted as
they subsided. The structure, thus, differs from a
syncline, which is formed by downwarped but essen-
tially unbroken strata. Doelling (1988, p. 45, figs. 46
and 49) referred to somewhat comparable collapse
features developed in the Paradox Basin, and essen-
tially similar in size to those within the Sanpete—
Sevier Valley area, as “* * * v-shaped dissolution
synclines * * *” or “V-synclines.”

PAIRED, FACING MONOCLINES

If the monoclines in the Sanpete—Sevier Valley area
are indeed the result of subsidence stemming from
removal of salt, one would expect to find paired, fac-
ing monoclines—one facing east even as its opposite
number faces west. In places, that appears to be the
case. So, the eastward-facing Valley Mountains mono-
cline is paired with the westward-facing West Gunni-
son monocline developed along the southwest flank of
the Gunnison Plateau. Sevier Valley separates the
two monoclines (fig. 61). In like fashion, the east-
ward-facing West Hills monocline, which delineates
the east flank of the West Hills, is paired with the
northern part of the westward-facing West Gunnison
monocline. Juab Valley separates the two monoclines.

Farther to the east, the westward-facing Wasatch
monocline then should be paired with another mono-
cline across Sanpete Valley, one that faces east and

FIGURE 60 (facing page).—Diagrammatic sections illustrating two
alternative interpretations of how diapiric folds may fail. In
each view, west is at left, east is at right.

A, The crest of a fold collapses and a linear graben is formed.

I. Fan-shaped diapiric fold is formed as a result of the upward
thrust (large arrow) of Arapien mudstones—a direct result of
the upward movement of a salt diapir (not shown).

II. With gradual removal of salt, by either extrusion or dissolu-
tion, the underlying support for the Arapien mudstones is re-
moved, and they and the overlying strata collapse (large arrow)
along high-angle faults formed along both flanks of the fold’s
crest. (Barbs show relative movement along faults.) The end
result is a long, linear graben comparable to those that break
the rocks along the crest and west flank of the Wasatch Plateau.
B, The central part of a fold gradually subsides, and facing
monoclines are formed.

I. A fan-shaped diapiric fold is formed.

II. With gradual removal of salt, the Arapien mudstones, lack-
ing support, sink into the newly created voids; the overlying
sedimentary strata founder and break into large masses. Ero-
sion quickly destroys these fragmented blocks.

III. Continued removal of salt and the concurrent subsidence of
the Arapien mudstones eventually cause downward flexing of
previously upturned beds to form paired, facing monoclines.
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that delineates the east flank of the Gunnison Pla-
teau. Rather than a monocline, however, a north-
ward-trending belt of upturned and locally
overturned Cretaceous and Jurassic rocks marks the
lower flank of the plateau.? All sedimentary units
within this distinctive belt are anomalously thin.
Analogous structures elsewhere in the area imply
that this belt may once have lain beneath a former
monocline. Similar, anomalously thin Cretaceous and
Jurassic rocks are exposed in both the Wasatch and
Valley Mountains monoclines, where the downwarped
Tertiary beds have been breached (Witkind, 1992). In
both those areas, the upturned “Cretaceous” rocks
are complexly deformed, and all strata, upturned
“Cretaceous” and downwarped Tertiary, are anoma-
lously thin compared with their thicknesses else-
where in the area. Specifically, where the foot of the
Valley Mountains monocline is breached at its north
end, the sedimentary units exposed at Red Canyon
are both structurally complex and remarkably thin.
Similarly, where the foot of the Wasatch monocline is
breached at the mouth of Sixmile Creek canyon, the
exposed rocks are both unusually complex structur-
ally and atypically thin.

Locally, this same pattern—downwarped Tertiary
beds overlying upturned “Cretaceous” rocks—is
exposed along the West Gunnison monocline. In that
sector, too, the Cretaceous and Tertiary rocks display
the anomalous thinness seen elsewhere, but not the
striking structural complexity. I attribute this appar-
ent absence of structural complexity to the fact that
erosion has not cut deeply enough to expose the
underlying vertical to overturned beds (fig. 62A).
Weiss (in Witkind, Weiss, and Brown, 1987) and Mat-
tox and Weiss (1987) have assigned the clastic beds
beneath North Horn strata and exposed along the
southwest flank of the Gunnison Plateau to the Indi-
anola Group. I believe that the beds in question,
rather than being part of the Indianola, are more cor-
rectly part of the Price River Formation. In lithology,
appearance, and attitude, the beds in question are
very much like the Price River strata that overlie ver-
tical to overturned beds of the Indianola Group
exposed along the east flank of the Gunnison Plateau
north of Wales (fig. 62B, and fig. 17). Thus, in my
view, erosion has not cut deeply enough along the
west flank of the Gunnison Plateau to expose the

“The bowed up strata include, in various localities, Middle Jurassic (Twist
Gulch Formation), Lower Cretaceous (Cedar Mountain Formation), Upper
Cretaceous (Indianola Group, Price River Formation), and Upper Cretaceous
and Paleocene units (North Horn Formation). For ease of discussion I group
these beds and refer to them as “Cretaceous” in this discussion.
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DIAPIRIC PROCESSES

FIGURE 61 (facing page).—Paired, facing monoclines in the
Sanpete—Sevier Valley area formed as the result of removal of
salt from an underlying diapir. East-facing Valley Mountains
monocline is paired with the west-facing West Gunnison mono-
cline, across Sevier Valley. East-facing West Hills monocline is
paired with north end of the west-facing West Gunnison mono-
cline. A now completely eroded and removed monocline mark-

- ing the east flank of the Gunnison Plateau—the East Gunnison

monocline—is postulated to pair with the Wasatch monocline.
Of major Neogene monoclines trending northward through the
Sanpete—Sevier Valley area, only the Wasatch and Valley mono-
clines are essentially whole and only slightly eroded. Only
remnants of the West Gunnison monocline are left to indicate
its former extent, and the East Gunnison monocline, completely
eroded, can only be inferred. Base modified from U.S. Coast
and Geodetic Survey 1:500,000 Grand Junction (T-3) Sectional
Aeronautical Chart (1954; rev.).

underlying Indianola strata. Were those Indianola
strata exposed, I believe their attitudes—vertical or
dipping steeply toward the east—would mimic those
exposures along the east flank of the plateau (fig. 62).

Seemingly, the monoclines in the Sanpete—Sevier
Valley area differ from most monoclines. A section
through any monocline within the Colorado Plateau
displays a sequence of stacked, layered beds that con-
form in attitude to those beds that form the mono-
clinal slope. It is much like a section through an
onion. By contrast, a section through a monocline in
central Utah does show the characteristic layered
aspect in the upper and middle parts of the monocline,
but not in the distal end—the foot—of the monocline.
Those beds exposed at the foot of the monocline,
beneath the downwarped Tertiary strata that define
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the monoclinal slope, are both anomalously thin and
unusually complex structurally.

It seems more than fortuitous that in three widely
separated areas—(1) Red Canyon in the Valley
Mountains, (2) Sixmile Canyon along the west flank
of the Wasatch Plateau, and (3) the lower flanks of
the east side of the Gunnison Plateau—the exposed
rocks display both unusual structural complexity and
atypical thinness. The one great difference among
the three areas is the absence of a monocline along

FIGURE 62.—Diagrammatic cross sections showing suggested geo-
logic relations along both east and west flanks of Gunnison
Plateau, a southward-plunging syncline. A, West flank of the
Gunnison Plateau. In general, Cretaceous strata that dip east-
ward along the west flank of the plateau are overlain with angu-
lar unconformity by westward-dipping Tertiary strata. These
Tertiary beds form the much-dissected westward-facing West
Gunnison monaocline. Units here labeled Price River(?) Formation
have been called the Indianola Group by Mattox and Weiss
(1987). B, East flank of the Gunnison Plateau. In general, Creta-
ceous strata dip westward along the east flank of the plateau. I
contend that these strata were once overlain with angular uncon-
formity by eastward-dipping Tertiary strata that formed the East
Gunnison monocline, now completely eroded. C, East flank of the
Gunnison Plateau. Locally, the Cretaceous beds that crop out
along the east flank of the plateau have been warped up into
vertical and overturned attitudes. Near Wales (D-4), for
example, Price River strata, which dip gently westward near the
mouth of Maple Canyon (E-3), are overturned and form a prom-
inent ridge that parallels the front of the plateau. See figure 17,
and figure 23A. For an explanation of how these relations
developed, see figure 25.
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the east flank of the Gunnison Plateau; that absence
can be attributed to erosion. It is this similarity
between the beds exposed in the breached sectors of
recognizable monoclines and comparable beds
exposed along the east flank of the Gunnison Plateau
that has led me to propose that the near-horizontal
Tertiary units that cap the Gunnison Plateau once
flexed down along the east flank of the plateau to
form an eastward-facing monocline (fig. 62B). I refer
to this monocline as the East Gunnison monocline,
and it must have been every bit as impressive as the
Wasatch monocline.

During middle and late Tertiary time, then, the
geomorphic pattern of the Sanpete—Sevier Valley
area was probably dominated by at least four major
north-trending monoclines (fig. 61). From east to
west, these were (1) the Wasatch monocline, facing
west; (2) the East Gunnison monocline, facing east;
(3) the West Gunnison monocline, facing west; and
(4) the Valley Mountains and West Hills monoclines,
facing east. The Wasatch—-East Gunnison monoclines
formed a facing pair separated by Sanpete Valley; the
West Gunnison—Valley Mountains and West Hills
monoclines formed a second facing pair separated by
the lowland formed by the collinear alignment of
Sevier and Juab Valleys.

DIAPIRIC STAGES AND EPISODES

The diapiric folds have grown and -collapsed
repeatedly.  Figure 63 illustrates this repeated
growth and collapse of diapiric folds. In this figure, I
have, for ease of understanding, assumed that the
folds collapse between parallel crestal faults. As
noted in figure 60B, the folds may also fail by grad-
ual subsidence.

A diapiric fold grows and collapses in three succes-
sive, interrelated stages, which together make up a
diapiric episode. The first stage—the intrusive stage—
is characterized by the rapid upwelling of a salt
diapir that forces up the mobile mudstones of the
Arapien Shale. These, in turn, acting much like a
viscous magma, intrude, bow up, and fold back the
overlying sedimentary beds (fig. 63, IT). The resultant
fan-shaped diapiric fold is probably partly destroyed,
even as it rises, by gravity sliding and other forms of
mass-wasting. Nevertheless, the end result is a topo-
graphic high.

This stage is followed almost immediately by the
onset of the second stage, during which the fold fails,
presumably owing to removal of the salt (fig. 63, III).
The remnants of the collapsed fold are then eroded to
form a broad, even-surfaced plain of low relief (fig. 63,
IV). During this second stage—the erosional stage—
the salt diapir probably resumes its slow upwelling,
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but its upward movement must be so slight that ero-
sion is able to keep pace with whatever doming
occurs.

The third stage begins with the deposition of sedi-
ments on this newly formed erosion surface (fig. 63,
V). During this stage—the depositional stage—the
salt diapir wells upward rapidly enough to restrict
the amount of sediment deposited across the crest of
the rising fold, resulting in depositional thinning.
This third stage ends with a renewed upward surge
of the salt diapir—the intrusive stage in yet another
episode of salt diapirism (fig. 63, VI).

I term each cycle of growth and collapse a diapiric
episode; thus, each episode comprises three distin-
guishable diapiric stages. Three such major diapiric
episodes are well shown in the Red Rocks (F-3)-
Sixmile Canyon (F—4) area along the east flank of the
Gunnison Plateau, and in the Red Canyon (E-2) area
of the Valley Mountains.

1. Late Cretaceous—early Paleocene episode:

The first clearly recognized diapiric episode proba-
bly began during the Late Cretaceous, after deposi-
tion of the Indianola Group, and probably ended in
the early Paleocene after deposition of the North
Horn Formation but before deposition of the Flagstaff
Limestone.

The Twist Gulch and Cedar Mountain Formations,
and the Indianola Group, bowed up during this first
intrusive stage (fig. 63, II), were subsequently eroded
to form a surface of low relief during the first ero-
sional stage (fig. 63, IV). Later, the Price River and
North Horn Formations were deposited on this
surface of low relief during the first depositional
stage (fig. 63, V).

2. Early Paleocene-late Oligocene(?) episode:

The second episode probably began in early Pale-
ocene time, after deposition of the North Horn For-
mation, and ended after deposition of the Crazy
Hollow Formation, possibly during the late Oligocene
or Miocene.

The North Horn and Price River Formations were
bowed up during a second intrusive stage (fig. 63, VI).
Subsequently, erosion reduced the newly formed dia-
piric folds to a surface of low relief by the end of the
second erosional stage (fig. 63, VIII). A sequence of
Tertiary units, extending from the Flagstaff Lime-
stone to at least the Crazy Hollow Formation, was
deposited on this surface during the secornd deposi-
tional stage (fig. 63, IX).

3. Late(?) Oligocene—Pliocene(?) episode:

The third episode probably began during the late
Oligocene or Miocene, after deposition of the Goldens
Ranch and Moroni Formations, and may have ended
during the Pliocene or Pleistocene. The evidence as to





















LOCALIZATION AND CAUSATIVE FORCES

a reflection of important deep-seated breaks in the
basement rocks* * *” Cater (1955, p. 125), also
impressed by the regularity of distribution of the
salt-cored anticlines in the Paradox Basin, similarly
speculated that deep-seated structures were responsi-
ble for their parallelism. Cater and Elston (1963), on
the basis of well data from the Paradox Basin, pro-
posed that the larger diapirs were underlain by
major pre-salt breaks. Baars and Stevenson (1981, p.
28) noted that past and recent seismic surveys in the
Paradox Basin area “have left no doubt as to the
existence of pre-salt faulting* * *” which dictated the
trend of the salt structures. Perthuisot (1981, p. 233),
discussing the elongate salt diapirs of northern Tuni-
sia, called upon deep movement of large basement
blocks as an explanation for the preferred orientation
of the diapirs. And Trusheim (1960, p. 1524) noted
that the pattern of the northern German salt struc-
tures may reflect “a network of faults in the pre-
saline basement.”

I suggest that in central Utah such basic deep-
seated structures have continued to control and local-
ize the younger reactivated versions of the diapiric
folds. This would explain why these younger folds
occupy the same sites and have the same trends as
the older folds. Possibly each occurrence of crustal
disturbance caused movement on one or more faults.
Repeated movements along these faults have per-
sisted at least from late Mesozoic time to the late
Tertiary-Quaternary; each major movement has
resulted in a major diapiric episode.

It may be that the salt, under confining pressure
as a result of static load, finds relief when movement
along a fault opens a passageway. The salt, using the
fault plane as a conduit, flows upward to form a long,
near-linear salt diapir. In its upward movement the
salt pushes up the overlying mudstones and shaly
siltstones of the Arapien Shale and these, in turn,
intrude and bow up the overlying sedimentary rocks.
The end result is a faintly sinuous, near-linear, fan-
shaped diapiric fold whose general trend, determined
by the core of salt, reflects the fault plane now oblit-
erated by the transported mudstones and siltstones.
Repeated reactivation of the same fault results in
repeated renewal of the same causative salt diapir.
This would explain the near-linear shape of the
major folds, the collinearity between known fault
zones and several of these major folds, and the fact
that similar folds have formed repeatedly in the
same sites and with the same trends during all three
major diapiric episodes.

I suggest, therefore, that each of the major diapiric
folds marks the position of a zone of weakness—a
preexisting fundamental fault—that may have
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formed in Precambrian time and that has been inter-
mittently active ever since. These faults represent
major flaws in the Earth’s crust. The fact that the
hingeline (the east margin of the Cordilleran geosyn-
clinal basin), the Jurassic Arapien basin in which the
salt accumulated, the transition zone, and the zone of
diapiric activity all, at one time or another, occupied
the same geographic area must be more than mere
coincidence. Movement along these fundamental
faults during Paleozoic time led to the development
of the hingeline, and, during much of Early and
Middle Jurassic time, to the development and subse-
quent growth of the saline basin of deposition in
which the Arapien Shale with its contained salt and
other evaporites accumulated. The striking break
between the Colorado Plateaus and Basin and Range
provinces probably reflects such fault movement.

If this interpretation is valid, each intrusive stage of
each of the three major diapiric episodes reflects reac-
tivation of these deep-seated faults. As all the diapiric
folds display a similar pattern of development—the
postulated sequence of geologic events is the same for
the Sanpete—Sevier Valley fold as it is for the Sevier
Bridge Reservoir fold—movement probably occurred,
more or less in concert, along all the faults in the area
in response to the regional stresses applied.

Presumably these faults first moved at some time
after the Middle Jurassic, and were then used as
conduits by the salt and intermixed mudstones of
the Arapien Shale, which effectively obliterated the
conduits. Subsequent tectonic pulses, probably once
during the Late Cretaceous (post-Indianola Group-
pre-Price River Formation), again during the Pale-
ocene (post-North Horn Formation-pre-Flagstaff
Limestone), and still again during the late(?) Oli-
gocene or Miocene (post-Goldens Ranch Formation
and post-Moroni Formation), triggered renewed
movement along these faults, resulting in reactiva-
tion of the salt diapirs; this renewed diapiric move-
ment further masked any evidence of the former
faults.

Prior to the Paleocene, compressive forces from the
west presumably caused movement along the faults.
During the Late Cretaceous an eastward-directed
thrust fault (stemming from the Sevier orogeny) may
have triggered movement along these deep-seated
faults and thus given rise to a diapiric episode. This
may also explain the early Paleocene movement of
the diapirs. Any movement along the faults since the
Paleocene, however, must stem from the episode of
crustal extension that began probably during late(?)
Oligocene and Miocene time and that has persisted
to the present.
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ECONOMIC IMPLICATIONS

The combination of multiple episodes of salt intru-
sion and the resultant repeated upward movements
of the Arapien Shale may have created a series of
structural traps in which oil and gas could accumu-
late, and in which mineral-rich, possibly saline, solu-
tions could deposit their mineral content.

OIL AND GAS

The likelihood of finding economic pools of oil is
enhanced if an area contains source rocks, reservoir
beds, and suitable structural and stratigraphic traps.
These three required elements appear to exist in this
part of central Utah, and all seemingly have been
influenced or modified in one way or another by the
recurrent episodes of diapirism.

SOURCE BEDS

At least three major stratigraphic units in the area
are potential source rocks—the Mancos Shale of Late
Cretaceous age, the Manning Canyon Shale of Penn-
sylvanian and Mississippian age, and the Arapien
Shale of Middle Jurassic age.

MANCOS SHALE

The Mancos Shale is widely exposed along the east
flank of the Wasatch Plateau, in Castle Valley (E-7)
(between the Wasatch Plateau and the west flank of
the San Rafael Swell), and in the barren lowlands
that lie at the base of the curving mass of the Book
Cliffs. The shale extends westward beneath the
Wasatch Plateau and, although not exposed, underlies
much of Sanpete Valley. Hale’s proposal (1972, p. 33)
that Mancos sediments were deposited in a Sanpete
Valley embayment of a shallow epicontinental seaway
seems valid, and recent drilling has begun to give
some indication of the thickness and extent of Mancos
beds beneath Sanpete Valley.

The Mancos forms a thick sequence in central San-
pete Valley, but it probably thins rapidly westward
and southward; I suspect that it does not extend
much farther west than a north-trending line through
Wales (D—4) (along the east flank of the Gunnison
Plateau), nor much farther south than Manti (E—4).
Three exploratory test wells drilled in the central
part of Sanpete Valley, near Moroni (D-4) (fig. 9),
penetrated black marine sedimentary rocks of the
Mancos Shale. Together the well data indicate that
the Mancos thins rapidly westward. The easternmost
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test (fig. 9), Hanson Oil Corporation’s well Moroni
AX-1 (SEVANW Y, sec. 14, T. 15 S., R. 3 E.) penetrated
about 2,135 m (7,000 ft) of Mancos strata. About 2.4
km (1% mi) to the west the Tennessee Gas Transmis-
sion Company’s J.W. Irons well No. 1 (C, SE\«NE %
sec. 16, T. 15 S, R. 3 E.) penetrated only about 1,070
m (3,500 ft) of Mancos. The westernmost well, the
Phillips Petroleum Company’s well Price “N” (SE¥%
SE# sec. 29, T. 15 S,, R. 3 E.), penetrated only about
610 m (2,000 ft) of Mancos Shale. These data empha-
size this westward shoaling of the Mancos sea.

The two westernmost wells also demonstrate the
westward rise of the top of the Mancos. In the J.W.
Irons well the Mancos top is at 6,268 ft, but in the
next well to the west, the Phillips Price “N” well, the
top is at 3,058 ft. Possibly this westward rise of the
top of the Mancos may reflect the upward movement
of the Sanpete—Sevier Valley salt diapir, which is
west of the three wells and hugs the east flank of the
Gunnison Plateau.

Witkind and Sprinkel (1982, p. 317) interpreted
these well data to mean that the Mancos sea occu-
pied much of the present site of Sanpete Valley and
probably had its shoreline close to what is now the
east flank of the Gunnison Plateau.

The Mancos penetrated by the test wells appears
to be lithologically similar to its exposures to the
east—a series of black marine and paludal shales
and brown sandstones—seemingly an excellent
source of hydrocarbons.

MANNING CANYON SHALE

The Manning Canyon Shale is a dark-gray to
brownish-gray marine shale that contains interleaved
lenses of brown quartzitic sandstone and bluish-gray
limestone. It crops out in the Charleston-Nebo thrust
plate; good exposures are east of Mona (B-3).

Although the Manning Canyon, like the Mancos, is
rich in an oil-generative type of organic material, it
may be an unsuitable source rock because it has been
subjected to high temperatures and is thermally
supermature. Poole, Claypool, and Fouch (1983), dis-
cussing episodes of petroleum generation in the
northern Great Basin, indicated on their figure 5 that
many of the Paleozoic rocks in central Utah have
been subjected to temperatures of 300 °C (571 °F) or
higher. Virtually all surface exposures of the Manning
Canyon are included within the area of these elevated
temperatures, which coincides, in general, with the
extent of the Charleston-Nebo thrust plate.

On the east flank of the Lake Mountains, along the
west side of Utah Lake, several quarries have been
opened in the Manning Canyon, and several clay
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beds in the shale are quarried extensively for the
manufacture of brick and other ceramic products.
The high-temperature clay minerals pyrophyllite and
rectorite are principal constituents in these Manning
Canyon exposures (Hall and Schnabel, 1985), and
their presence reemphasizes the possibility that the
Manning Canyon Shale is too mature, at least in that
specific locality, for consideration as a promising
source rock.

ARAPIEN SHALE

The calcareous mudstones that make up the bulk
of the evaporite-rich Arapien Shale may also be
potential source rocks for oil. Many geologists have
noted the close association between evaporites and
petroleum. Halbouty (1967), for example, discussing
the salt domes along the Gulf Coast, demonstrated
that large amounts of petroleum are associated with
these domes. Weeks (1961) listed a multitude of
basins in which petroleum accumulations are closely
related to evaporite deposits. Kirkland and Evans
(1981) proposed a new explanation for this close rela-
tion. They suggested that although most organisms
cannot survive high-saline (mesosaline) conditions—
characterized by brines in which the saline content
ranges from 4 to 12 percent—some algae not only can
exist under these circumstances but literally thrive.
Vast amounts of such algae, for example, are found
in present-day basins marked by such mesosaline
conditions. Upon death, the algae sink into the
deeper waters of the basin, where they are buried by
fine sediments and preserved as fine-grained carbon-
ates rich in organic matter. These carbonates are
immature source rocks which, upon maturation, pro-
duce petroleum.

It seems probable that the calcareous mudstones
that make up most of the Arapien Shale developed
under such mesosaline conditions. Presumably,
marine waters from an open sea flowed periodically
into the broad and extensive land-locked saline
Arapien basin, which overlay much of central Utah
during Middle Jurassic time. Continued evaporation
resulted in increased salinity of the brines, and in
time mesosaline conditions prevailed. If large
amounts of organic matter did flourish in the Arapien
basin, much of that organic matter must have been
preserved in the bottom sediments, implying that the
Arapien Shale is a possible source rock. Regrettably
for the hydrocarbon potential, total organic carbon in
the Arapien is low (R.J. Coskey, Forest Oil Company,
oral commun., 1982); despite this, probably the one
factor that detracts from the Arapien as a promising
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source rock is its low maturation level (D.A. Sprinkel,
Placid Oil Company, oral commun., 1983).

RESERVOIR BEDS

Of the various units suitable for the accumulation
of oil and gas, the most promising would be those
sandstone beds that make up the Ferron Sandstone
Member of the Mancos Shale. The Ferron produces
both hydrocarbon and carbon dioxide gas in the Clear
Creek area to the east along the crest of the Wasatch
Plateau (Walton, 1963). Comparable reservoir beds,
however, could be any of the sandstone beds of the
Emery Sandstone Member of the Mancos Shale.
Likely, some of the units in the stratigraphic section
may be good reservoir beds because they are highly
fractured and not because of any inherent primary
porosity.

POTENTIAL TRAPS

The stratigraphic column in this sector of central
Utah can be visualized as consisting of two parts: the
salt-bearing and younger beds, which extend from
the base of the Arapien Shale to the surface, and the
pre-salt beds, which include the Twin Creek Lime-
stone and older strata. The salt-bearing and younger
beds are locally intensely warped and form the many
diapiric folds described in the previous sections of
this Professional Paper. By contrast, the pre-salt
units, although deformed, may not be as severely
contorted as the overlying younger units. I believe
that structural traps suitable for the accumulation of
commercial amounts of oil and gas are in both
sequences of rocks.

SALT-BEARING AND YOUNGER STRATA

The upward thrust of the salt diapirs may have
resulted in a series of structural traps, the most
favorable of which would be those confined to areas
underlain by the Mancos Shale. I recognize four
types of traps related to the diapiric folds: (1) those
that are along the flanks of a diapiric fold, (2) those
that are along the crest of a fold, (3) those that are
wholly within a diapiric fold, and (4) those that
resulted from the collapse of a fold.

Traps along the flanks of the folds.—It seems prob-
able that any diapirs formed beneath the Mancos
Shale would have intruded and bowed up the Man-
cos. Such upwarped beds, juxtaposed against the
intrusive Arapien mass, would seem to be ideal
structural traps for the accumulation of oil and gas.
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The Arapien, in most localities a somewhat impervi-
ous mudstone, would serve as a barrier, trapping the
oil and gas migrating up the upturned Mancos beds.

Traps along the crest of a fold.—A second type of
potential trap may be those sedimentary beds that
are draped across the crests of the diapiric folds.
Examples are common in the Gulf Coast (Halbouty,
1967), but there, the draped, deformed beds directly
overlie the salt core of the salt domes. In central
Utah, the salt has pushed up the mudstones and
shales of the Arapien Shale and these, in turn, have
bowed up the overlying sedimentary beds. I consider
these domed sedimentary beds likely targets.
Although they have been extensively eroded and
almost completely removed from the crests of many
of the major diapiric folds, in several places, the
crests of some of the larger folds (such as the north
end of the Sanpete—Sevier Valley fold) are still man-
tled by surficial deposits. Suitable targets may
underlie these surficial deposits.

Traps wholly within a diapiric fold.—Other poten-
tial oil traps may be wholly within a diapiric fold.
The salt core of the diapir penetrated by the Argo-
naut-Federal well consisted almost completely of salt;
little or no anhydrite was found. By contrast, various
oil tests in this part of central Utah have drilled
through an alternating sequence of salt and
anhydrite. If the anhydrite beds in a diapiric fold
were much fractured as a result of the repeated
growth and collapse of that fold, they would have
become quite porous. The salt, however, being more
plastic and mobile, would retain its nonporous char-
acter. The result would be porous zones of anhydrite
sealed by nonporous salt.

Traps resulting from collapse of a diapiric fold.—
Other structural traps may have formed as a conse-
quence of the collapse of the diapiric folds. Although
it is clear that some of the folds collapsed by gradual
subsidence, much as shown in figure 60B, others
appear to have collapsed along high-angle faults
(fig. 60A). These latter folds are ones that may be
worthy of investigation, for the downthrown limbs,
either overturned or right-side-up (as, for example, in
the ancestral Willow Creek (G-3) area, fig. 27), are
probably sealed against the marginal faults, and thus
become suitable traps for the accumulation of oil and
gas. An inherent uncertainty in this type of trap,
however, is how much the downthrown limb was
fragmented. The limb was probably dropped thou-
sands of meters, and most likely this occurred as
many small spasmodic events; each event may have
fractured and offset the once-continuous beds.
Although the offset during each event may have been
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minor, the cumulative effect of many such offsets
may be sizeable.

Previously, I have suggested that the zero line of
the Mancos Shale is approximately along a north-
trending line through Wales (D—4)—essentially along
the east flank of the Gunnison Plateau—and that the
Mancos thickens eastward (p. 132). In my view, then,
those diapiric folds that are east of the Gunnison
Plateau are the most favorable; they underlie the
Mancos Shale, a good source rock, which also con-
tains adequate reservoir rocks. By contrast, those
folds west of the plateau are probably somewhat less
favorable; they are distant from suitable source
rocks.

PRE-SALT STRATA

Although the most feasible oil traps appear to be
related in one way or another to the salt diapirs,
other traps, concealed beneath the masking blanket
of diapirically folded rocks, may have formed in the
older pre-salt-bearing strata. Such traps seemingly
would be unrelated to the diapiric deformation,
which is confined to the salt-bearing and younger
strata.

OVERTHRUST BELT AND SALT DIAPIRS

Salt diapirism may have had a profound effect on the
position of oil pools, for whatever oil pools did form
may have been displaced as a result of intrusion by the
Arapien Shale. Much of the search for oil has centered
on the overthrust belt, and overturned folds have been
prime targets. In this sector of central Utah, for exam-
ple, an overturned fold (possibly a remnant of the
Charleston-Nebo thrust plate) well exposed along the
west flank of the Gunnison Plateau in Chicken (D-2)
and Pigeon (C-3) Creeks (east of Levan), was tested by
Standard Oil of California’s Levan Unit 1 (fig. 9) and
by American Quasar’s Chicken Creek Fed. No. 16-34.
Ample evidence, however, demonstrates that the fold,
after it was emplaced, was deformed and intruded by
both gypsum beds and mudstones of the Arapien Shale
(figs. 33, 34).

It seems clear that diapirism, throughout central
Utah, has modified the thrust-related features. In the
Gardner Canyon-Red Canyon (B-3) area, for exam-
ple, the Arapien Shale broke, raised, and locally tilted
the overturned fold that forms the upper plate of the
Charleston-Nebo thrust (fig. 35). In the Thistle area,
a northeast segment of the same overturned fold, plus
its overlying mantle of Cretaceous and Tertiary units,
has been arched to form an elongate north-trending
upwarp (fig. 44). The causative agent appears to have









SUMMARY

deposition. All units, from the Twist Guich Formation
of Middle Jurassic age up to and including the Green
River Formation of Eocene age, display this deposi-
tional thinning. I believe that even younger units
thin toward the diapiric crests, but because of inade-
quate exposures, I currently lack evidence to demon-
strate this. Probably, these salt diapirs are rising
today at a slow, almost imperceptible rate. Rapid
upward surges of the salt diapirs sporadically inter-
rupted this persistent upward movement. Each surge
marked the beginning—the intrusive stage—of a new
diapiric episode. Once the surge ended, the slow, con-
tinuous rise of the diapirs resumed.

The growth and collapse of a diapiric fold occur in
three interrelated stages that together make up a
diapiric episode: An intrusive stage, during which a
salt diapir surges upward rapidly and forcibly drives
up the overlying mudstones of the Arapien Shale,
which in turn push up and fold back the overlying
strata to form a diapiric fold, fan-shaped in cross sec-
tion; an erosional stage, during which the diapiric
fold fails (presumably as a result of partial removal
of the salt) and its remnants are then eroded to an
almost featureless plain; and a depositional stage,
during which younger sediments are deposited on the
newly formed erosional surface. This depositional
stage is ended by a renewed upward surge of the salt
diapir—the intrusive stage of the next younger dia-
piric episode.

I recognize at least three major diapiric episodes:

1. A Late Cretaceous to early Paleocene episode.
The first clearly recognized diapiric episode probably
began during the Late Cretaceous, after deposition of
the Indianola Group, and ended in the early Pale-
ocene after deposition of the North Horn Formation
but before deposition of the Flagstaff Limestone.

2. An early Paleocene to late(?) Oligocene episode.
The second episode probably began in early Pale-
ocene time, after deposition of the North Horn For-
mation, and ended after the Eocene (possibly during
the late Oligocene or Miocene) after deposition of the
Goldens Ranch and Moroni Formations (of late
Eocene to middle Oligocene age).

3. A late(?) Oligocene to Pliocene(?) episode. The
third episode probably began during the late Oli-
gocene or Miocene, after deposition of the Goldens
Ranch and Moroni Formations, and may have ended
during the Pliocene or Pleistocene. The evidence as to
when this episode ended is inconclusive.

Some evidence suggests that a fourth, localized
diapiric episode began and may have ended during
the Pleistocene or Holocene.

The crests and flanks of many diapiric folds dis-
play a distinctive structural pattern that reflects the
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three episodes of salt diapirism. In its simplest form
this pattern consists of vertical to overturned beds of
the Indianola Group at the base of an exposure.
These upturned Indianola beds are unconformably
overlain by a sequence of gently to moderately
inclined Price River and North Horn strata. The
Price River and North Horn Formations, in turn, are
unconformably overlain by a stack of downwarped
Tertiary beds, consisting chiefly of the Flagstaff,
Colton, and.Green River Formations. During the first
diapiric episode the Indianola beds were pushed up
to vertical or overturned attitudes. During the second
episode the Price River and North Horn sequence
also was bowed up, but in most places not as drasti-
cally as the Indianola beds. The crest of the upwarp
formed during this second episode coincides, more or
less, with the crest of the previous upwarp. During
the third episode the Flagstaff and younger Tertiary
beds were deformed. Locally, these younger Tertiary
strata have been bowed up to vertical attitudes, but
in most places they are warped down and define the
great monoclines that mark the Sanpete-Sevier
Valley area. The general geologic pattern is best
expressed by the phrase: Upturned Cretaceous and
Jurassic strata overlain by downturned Tertiary
beds. (See also p. 8.)

Two major angular unconformities, thus, are
exposed in single outcrops—one between the Indi-
anola and the overlying Price River and North Horn
sequence, and a second between the Price River and
North Horn sequence and the overlying Flagstaff
Limestone. These angular unconformities represent
the periods of erosion during which the upturned,
deformed beds were beveled to surfaces of low relief.
As the strata above and below these angular uncon-
formities are traced laterally, away from the folds,
they gradually lessen in dip, and in distances as
short as 0.8 km (%2 mi) are conformable.

Most likely, if exposures were adequate, the same
structural pattern would be found in all the diapiric
folds. The repetition of this pattern—it has been
found in the western, central, and eastern sectors of
the area—suggests that during each of the three
major diapiric episodes all the salt diapirs in the
area were reactivated more or less concurrently. This
implies that the causative forces were regional in
extent.

Although all the salt diapirs apparently acted more
or less in unison during each of the three major
diapiric episodes, some evidence suggests that during
the late Tertiary or Quaternary, small cells of these
larger salt diapirs reactivated independently and
deformed parts of the previously formed diapiric folds.
The Red Knolls (p. 30), west of Redmond, are



138

composed of the Arapien Shale and form topographic
prominences that rise above more durable units.
These knolls of the easily eroded Arapien must have
been pushed up in the recent geologic past or they
would have long since been eroded.

Overturned folds, part of the Charleston-Nebo
thrust plate, were intruded, broken, tilted, and prob-
ably arched by the intrusive action of the Arapien
Shale. The field evidence suggests that the
Charleston-Nebo thrust plate was emplaced at some
time after Middle Jurassic (Bathonian) time but
before Late Cretaceous (Maastrichtian) time. Farther
north, south of the Uinta Mountains, Bryant and
Nichols (1988, p. 420) concluded, based on strati-
graphic evidence, “* * *that major movement on the
Charleston thrust occurred in Campanian time* * *.”

Erosion partly destroyed the thrust plate during its
eastward movement. Subsequently, the deeply
eroded plate was buried beneath near-horizontal
younger Cretaceous and Tertiary rocks. Later, salt
diapirs, overridden and concealed beneath the thrust
plate, welled upward and arched the thrust plate and
its overlying mantle of Cretaceous and Tertiary sedi-
mentary rocks. Since then, erosion has removed
many of these younger sedimentary rocks, leaving
their tilted remnants as a reflection of the former
arched sedimentary cover.

Whatever oil pools formed in these overturned beds
of the Charleston-Nebo thrust plate possibly were
displaced or dissipated as a result of this diapiric
activity.

The salt diapirs, and the diapiric folds formed over
them, may be structurally controlled. The folds are
elongate, faintly sinuous, northward-trending
upwarps that parallel the major fault systems in the
area. Two of the largest diapiric folds are collinear
with major fault zones. Possibly, renewed movement
along preexisting faults reactivated the salt diapirs,
which then forced the Arapien mudstones and shales
into the fault planes. These planes acted as conduits
along which the mudstone moved upward toward the
surface; in time, the rising mudstone effectively oblit-
erated the fault planes. In this interpretation, the
former trace of a fault plane is now expressed as a
northward-trending, slightly sinuous belt of Arapien
mudstone—the core of a diapiric fold.

The forces responsible for the movement of the salt
are unknown; important factors were probably buoy-
ancy, static load, regional lateral compression, crustal
extension, or some combination of these. The slow
but persistent upwelling of the salt diapirs possibly
reflects sedimentary loading in those areas adjacent
to the diapirs. By contrast, the rapid upward surges
of the salt diapirs may have been in response to fault
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movement that was triggered, during pre-Paleocene
time, by pulses of compression (thrust faulting) from
the west, and during post-Paleocene time, by crustal
extension. Static load was important, for it kept the
salt under compression; the reactivated faults merely
offered avenues of escape for the tightly confined,
mobile salt.

The emplacement of the salt diapirs and the result-
ant upward bowing of the intruded rocks may have
created structural traps between the diapirs and the
country rock in which oil and gas could accumulate.
The most promising sites for such traps would be
where the diapirs deformed the Mancos Shale.

Base-metal deposits, probably deposited from
mineral-rich, possibly saline solutions, may be con-
centrated along parts of the contact between the
country rock and the intrusive mudstones of the
Arapien Shale.
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